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(57) ABSTRACT

Disclosed are an apparatus for Channel State Information-
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CSI-RS transmission using the same in a wireless commu-
nication system. A CSI-RS for each antenna port is allocated
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in a subframe or Resource Block (RB), and is allocated in
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orthogonality or quasi-orthogonality according to cells or
cell groups. Then, the CSI-RSs, which have been allocated
to the time-frequency resource domain, are transmitted.
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1
METHOD AND APPARATUS FOR
ALLOCATING CHANNEL STATE
INFORMATION-REFERENCE SIGNAL IN
WIRELESS COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 15/858,921, filed on Dec. 29, 2017, which is a
continuation of U.S. patent application Ser. No. 15/192,233,
filed on Jun. 24, 2016, which is a continuation of U.S. patent
application Ser. No. 14/464,041, filed on Aug. 20, 2014,
which is a continuation of U.S. patent application Ser. No.
14/043,005, filed on Oct. 1, 2013, issued as U.S. Pat. No.
8,837,452, which is a continuation of U.S. patent application
Ser. No. 13/008,685, filed on Jan. 18, 2011, and issued as
U.S. Pat. No. 8,576,822, and claims priority from and claims
the benefit of and priority from Korean Patent Application
No. 10-2010-0004219, filed on Jan. 18, 2010, all of which
are hereby incorporated by reference for all purposes as if
fully set forth herein.

BACKGROUND

Field

Exemplary embodiments of the present invention relate to
a wireless communication system, and more particularly to
a method and an apparatus for allocating a Channel State
Information-Reference Signal (CSI-RS) between cells in a
wireless communication system.

Discussion of the Background

With the development of communication systems, con-
sumers, including business companies and individuals,
require wireless communication terminals supporting vari-
ous services.

Current mobile communication systems, such as 3GPP
(3rd Generation Partnership Project), LTE (Long Term Evo-
Iution), and LTE-A (LTE Advanced), are resulting in the
development of technology for a high-speed large-capacity
communication system, which can transmit or receive vari-
ous data, such as images and wireless data, beyond the
capability of providing a voice service, and can transmit data
of such a large capacity as that transmitted in a wired
communication network. Moreover, the current mobile com-
munication systems require a proper error detection scheme,
which can decrease the reduction of information loss and
improve the system transmission efficiency, thereby improv-
ing the system performance.

Further, for the current wide variety of communication
systems, various reference signals have been and are being
proposed in order to provide counterpart apparatuses with
information on a communication environment, etc., through
a downlink or an uplink.

For example, in the LTE system, a Cell-specific Reference
Signal (CRS), which is a reference signal, is transmitted at
each sub-frame.

At this time, since the maximum number of antenna ports
supportable in the downlink of the LTE system is four, CRSs
are allocated to and transmitted through a maximum of four
antennas according to the time/frequency.

Meanwhile, the next generation communication technolo-
gies, such as the LTE-A, which is being currently developed,
can support a maximum of eight antennas. Therefore, the
current CRSs defined for only four existing antennas are
insufficient for detection of channel information at the time
of downlink transmission. To this end, a technology for
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2

obtaining channel state information of a maximum of eight
antennas by newly defining a reference signal named “Chan-
nel State Information-Reference Signal (CSI-RS)” is being
discussed.

In other words, a communication system using a maxi-
mum of eight Multiple Input Multiple Output (MIMO)
antennas at each of the transmission port and the reception
port is being discussed, and a scheme of transmitting CSI-
RSs discriminated according to the antenna ports or antenna
layers for the transmission or reception thereof is being
discussed. However, up to the present, only basic definitions
for the CSI-RS and definitions for the overhead problem
have been arranged, and definitions for CSI-RS allocation
and transmission have not been arranged. In this regard, the
next generation wireless communication systems are requir-
ing a specific scheme for the CSI-RS allocation and trans-
mission.

SUMMARY

Exemplary embodiments of the present invention provide
a scheme for defining a CSI-RS pattern for each antenna/
base station (cell), allocating the CSI-RS to resource areas,
and transmitting the CSI-RS.

Exemplary embodiments of the present invention provide
an apparatus and a method for allocating a Channel State
Information-Reference Signal (CSI-RS) to a time-frequency
resource area for each antenna port in a wireless communi-
cation system.

Exemplary embodiments of the present invention provide
an apparatus and a method for allocating a CSI-RS to a
time-frequency resource area so as to enable each cell to
have an orthogonality or a quasi-orthogonality in a wireless
communication system.

Exemplary embodiments of the present invention provide
an apparatus and a method for allocating a CSI-RS for each
antenna port, which enable each cell (or group) to have a
frequency shift in a wireless communication system.

Exemplary embodiments of the present invention provide
an apparatus and a method for allocating a CSI-RS, which
can decrease performance degradation due to interference
between neighbor cells in a wireless communication system.

Additional features of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.

An exemplary embodiment of the present invention pro-
vides a method for transmitting a Channel State Informa-
tion-Reference Signal (CSI-RS), the method including: gen-
erating a CSI-RS sequence for an antenna port for
transmission of a maximum of N (N being an integer larger
than or equal to 1) number of CSI-RSs; mapping the
generated CSI-RS sequence to Resource Elements (REs)
allocated for transmission of the CSI-RS; and generating an
Orthogonal Frequency Division Multiplexing (OFDM) sig-
nal including information on the mapped CSI-RS sequence
and transmitting the generated OFDM signal to a reception
apparatus, wherein, in mapping the generated CSI-RS
sequence to the REs, the CSI-RS sequence is mapped to REs
corresponding to one sub-carrier at every 12 sub-carriers
with respect to two OFDM symbols or symbol axes for each
antenna port within a particular sub-frame by which the
CSI-RS is transmitted, for a total of [N/2] antenna port sets,
each of which includes either both an M” (M=N, and M
being an odd number) antenna port and an (M+1)” antenna
port or only the M? antenna port if the (M+1)” antenna port
does not exist and is used as an antenna port set for
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transmission of one CSI-RS, a CSI-RS of antenna ports
within each of the antenna port sets is allocated to REs
having the same time-frequency resource and are discrimi-
nated from each other by orthogonal codes, and the CSI-RS
allocated REs of different antenna port sets adjacent to each
other in the frequency axis are spaced apart from each other
with an interval of 3 REs.

An exemplary embodiment of the present invention pro-
vides a method for transmitting a Channel State Informa-
tion-Reference Signal (CSI-RS), the method including: gen-
erating a CSI-RS sequence for an antenna port for
transmission of a maximum of 8 CSI-RSs; mapping the
generated CSI-RS sequence to Resource Elements (REs)
allocated for transmission of the CSI-RS; and generating an
Orthogonal Frequency Division Multiplexing (OFDM) sig-
nal including information on the mapped CSI-RS sequence
and transmitting the generated OFDM signal to a reception
apparatus, wherein, in mapping the generated CSI-RS
sequence to the REs, the CSI-RS sequence is mapped to REs
corresponding to one sub-carrier at every 12 sub-carriers
with respect to two OFDM symbols or symbol axes for each
antenna port within a particular sub-frame by which the
CSI-RS is transmitted, for a total of four antenna port sets,
each of which includes either both an M* (M=1, 3, 5, 7)
antenna port and an (M+1)? antenna port or only the M*
antenna port if the (M+1)” antenna port does not exist and
is used as an antenna port set for transmission of one
CSI-RS, a CSI-RS of antenna ports within each of the
antenna port sets is allocated to REs having the same
time-frequency resource and are discriminated from each
other by orthogonal codes, and the CSI-RS allocated REs of
different antenna port sets adjacent to each other in the
frequency axis are spaced apart from each other with an
interval of 3 REs.

An exemplary embodiment of the present invention pro-
vides a method for receiving a CSI-RS, the method includ-
ing: receiving a transmitted signal; extracting CSI-RS infor-
mation for each of multiple antenna ports allocated to a
particular Resource Element (RE) through resource element
demapping of the received signal; and acquiring channel
state information from the extracted CSI-RS information,
wherein, in the transmitted signal, for an antenna port for
transmission of a maximum of N (N being an integer larger
than or equal to 1) number of CSI-RSs, the CSI-RS sequence
is mapped to REs corresponding to one sub-carrier at every
12 sub-carriers with respect to two Orthogonal Frequency
Division Multiplexing (OFDM) symbols or symbol axes for
each antenna port within a particular sub-frame by which the
CSI-RS is transmitted, for a total of [N/2] antenna port sets,
each of which includes either both an M” (M=N, and M
being an odd number) antenna port and an (M+1)” antenna
port or only the M? antenna port if the (M+1)” antenna port
does not exist and is used as an antenna port set for
transmission of one CSI-RS, a CSI-RS of antenna ports
within each of the antenna port sets is allocated to REs
having the same time-frequency resource and are discrimi-
nated from each other by orthogonal codes, and the CSI-RS
allocated REs of different antenna port sets adjacent to each
other in the frequency axis are spaced apart from each other
with an interval of 3 REs.

An exemplary embodiment of the present invention pro-
vides a method for transmitting a CSI-RS, the method
including: generating a CSI-RS for each of a maximum of 8
antenna ports; allocating a CSI-RS of an antenna port to four
Resource Elements (REs) or sub-carriers based on a unit of
one symbol (or symbol axis) in a time-frequency resource
area within one sub-frame in such a manner that adjacent
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CSI-RS allocated REs or sub-carriers have an interval of 3
REs or sub-carriers therebetween; and transmitting the CSI-
RS allocated to the time-frequency resource area to a recep-
tion apparatus.

An exemplary embodiment of the present invention pro-
vides a method for is receiving a CSI-RS, the method
including: receiving a signal through each of multiple
antenna ports; extracting a CSI-RS for each of the multiple
antenna ports allocated to a particular Resource Element
(RE) from the received signal; demapping a CSI-RS
sequence for each antenna port; and acquiring channel state
information of each antenna port by using the demapped
CSI-RS sequence, wherein the received signal is a signal
generated by allocating CSI-RSs for a total of 8 antenna
ports to two symbols or symbol axes of a time-frequency
area within one sub-frame in such a manner that CSI-RS
allocated REs or sub-carriers adjacent to each other have an
interval of 3 REs or sub-carriers therebetween, and a CSI-RS
of'a first antenna port and a CSI-RS of a second antenna port
are repeatedly allocated two REs while being discriminated
from each other by orthogonal codes.

An exemplary embodiment of the present invention pro-
vides an apparatus to transmit a Channel State Information-
Reference Signal (CSI-RS), the apparatus including: a CSI-
RS generator for generating a CSI-RS sequence for an
antenna port for transmission of a maximum of N (N being
an integer larger than or equal to 1) number of CSI-RSs; a
CSI-RS resource allocator to map the generated CSI-RS
sequence to Resource Elements (REs) allocated for trans-
mission of the CSI-RS; and an OFDM signal generator to
generate an Orthogonal Frequency Division Multiplexing
(OFDM) signal including information on the mapped CSI-
RS sequence and to transmit the generated OFDM signal to
a reception apparatus, wherein the CSI-RS resource alloca-
tor maps the CSI-RS sequence to REs corresponding to one
sub-carrier at every 12 sub-carriers with respect to two
OFDM symbols or symbol axes for each antenna port within
a particular sub-frame by which the CSI-RS is transmitted,
for a total of [N/2] antenna port sets, each of which includes
either both an M? (M=N, and M being an odd number)
antenna port and an (M+1)? antenna port or only the M™
antenna port when the (M+1)” antenna port does not exist
and is used as an antenna port set for transmission of one
CSI-RS, a CSI-RS of antenna ports within each of the
antenna port sets is allocated to REs having the same
time-frequency resource and are discriminated from each
other by orthogonal codes, and the CSI-RS allocated REs of
different antenna port sets adjacent to each other in the
frequency axis are spaced apart from each other with an
interval of 3 REs.

An exemplary embodiment of the present invention pro-
vides an apparatus to receive a CSI-RS, the apparatus
including: a reception processing unit to receive a transmit-
ted signal; a CSI-RS extraction unit to extract CSI-RS
information for each of multiple antenna ports allocated to
a particular Resource Element (RE) through resource ele-
ment demapping of the received signal; and a channel state
measurement unit for acquiring channel state information
from the extracted CSI-RS information, wherein, in the
transmitted signal, for an antenna port for transmission of a
maximum of N (N being an integer larger than or equal to
1) number of CSI-RSs, the CSI-RS sequence is mapped to
REs corresponding to one sub-carrier at every 12 sub-
carriers with respect to two Orthogonal Frequency Division
Multiplexing (OFDM) symbols or symbol axes for each
antenna port within a particular sub-frame by which the
CSI-RS is transmitted, for a total of [N/2] antenna port sets,
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each of which includes either both an M” (M=N, and M
being an odd number) antenna port and an (M+1)” antenna
port or only the M? antenna port if the (M+1)” antenna port
does not exist and is used as an antenna port set for
transmission of one CSI-RS, a CSI-RS of antenna ports
within each of the antenna port sets is allocated to REs
having the same time-frequency resource and are discrimi-
nated from each other by orthogonal codes, and the CSI-RS
allocated REs of different antenna port sets adjacent to each
other in the frequency axis are spaced apart from each other
with an interval of 3 REs.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed. Other features and
aspects will be apparent from the following detailed descrip-
tion, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention, and together with the
description serve to explain the principles of the invention.

FIG. 1 illustrates a wireless communication system
according to an exemplary embodiment of the present
invention.

FIGS. 2a to 2c illustrate sub-frame structures of trans-
mission data according to exemplary embodiments of the
present invention.

FIG. 3 illustrates examples of mapping of CRSs to a
time-frequency resource block according to an exemplary
embodiment.

FIG. 4 is an illustrative view showing a representative
example of mapping a CSI-RS according to an exemplary
embodiment.

FIGS. 5 to 7 are illustrative views showing exemplary
embodiments of basic schemes for CSI-RS allocation for
each antenna port according to the FDM, (FDM+TDM), and
(FDM+CDM) schemes, respectively.

FIG. 8 is a block diagram illustrating the configuration of
a CSI-RS allocation apparatus to generate a CSI-RS and to
allocate the generated CSI-RS to Resource Elements (REs)
according to an exemplary embodiment of the present
invention.

FIG. 9 is a block diagram illustrating the structure for
signal generation of a downlink physical channel in a
wireless communication system according to an exemplary
embodiment.

FIGS. 10 to 12 are illustrative views showing a scheme
for allocating CSI-RSs according to an exemplary embodi-
ment of the present invention.

FIGS. 13 to 15 are illustrative views showing a scheme
for allocating CSI-RSs according to an exemplary embodi-
ment of the present invention.

FIG. 16 is an illustrative view showing a scheme for
allocating CSI-RSs according to an exemplary embodiment
of the present invention.

FIG. 17 is an illustrative view showing a scheme for
allocating CSI-RSs according to an exemplary embodiment
of the present invention.

FIG. 18 is a block diagram illustrating the configuration
of a receiver to receive a CSI-RS according to an exemplary
embodiment of the present invention.
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6
FIG. 19 is a flowchart illustrating a method of CSI-RS
transmission according to an exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Exemplary embodiments now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments are shown. This
disclosure may, however, be embodied in many different
forms and should not be construed as limited to the exem-
plary embodiments set forth therein. Rather, these exem-
plary embodiments are provided so that this disclosure will
be thorough, and will fully convey the scope of this disclo-
sure to those skilled in the art. Various changes, modifica-
tions, and equivalents of the systems, apparatuses, and/or
methods described herein will likely suggest themselves to
those of ordinary skill in the art. Same elements, features,
and structures are denoted by same reference numerals
throughout the drawings and the detailed description, and
the size and proportions of some elements may be exagger-
ated in the drawings for clarity and convenience.

FIG. 1 illustrates a wireless communication system
according to an exemplary embodiment of the present
invention. Wireless communication systems are widely
arranged in order to provide various communication ser-
vices, such as voice, packet data, and the like. Referring to
FIG. 1, a wireless communication system includes a UE
(User Equipment) 10 and a BS (Base Station) 20. As shown
in FIG. 1, a plurality of UEs 10 may be included in the
wireless communication system.

As used herein, the UE 10 may include a user terminal in
a wireless communication, a UE in WCDMA, LTE, HSPA
(High Speed Packet Access), and the like, a MS (Mobile
Station), a UT (User Terminal), SS (Subscriber Station), a
wireless device in GSM (Global System for Mobile Com-
munication), and the like.

The BS 20 may be a cell and may generally refer to a fixed
station communicating with the UE 10, and may be a
Node-B, eNB (evolved Node-B), BTS (Base Transceiver
System), AP (Access Point), relay node, and the like. That is,
as used herein, the BS 20 or cell should be construed as
having an inclusive meaning indicating an area controlled by
a BSC (Base Station Controller) of the CDMA, a Node B,
etc. of the WCDMA, and may correspond to one of various
coverage areas, which include a mega cell, a macro cell, a
micro cell, a pico cell, femto cell, etc.

However, the UE 10 and the BS 20 are not limited to
specifically expressed terms or words and inclusively indi-
cate two transmitting and receiving elements used for imple-
mentation of the aspects of the present invention described
herein.

Aspects of the present invention provide for various
multiple access schemes, such as CDMA (Code Division
Multiple Access), TDMA (Time Division Multiple Access),
FDMA (Frequency Division Multiple Access), OFDMA
(Orthogonal Frequency Division Multiple Access), OFDM-
FDMA, OFDM-TDMA, and OFDM-CDMA, which may be
applied to the wireless communication system. However,
aspects of the present invention are not limited thereto.

For an uplink transmission and a downlink transmission,
aspects of the present invention may provide a TDD (Time
Division Duplex) scheme using different times for transmis-
sion or an FDD (Frequency Division Duplex) scheme using
different frequencies for transmission.
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Exemplary embodiments of the present invention may be
applied to a resource allocation in the field of asynchronous
wireless communications, which may include the LTE
(Long Term Evolution) and the LTE-Advanced (LTE-A) the
GSM, the WCDMA, and the HSPA, and in the field of
synchronous wireless communications, which may include
the CDMA, CDMA-2000, and UMB. Aspects of the present
invention should not be limited or restrictively construed to
a particular wireless communication field, and should be
construed to include all technical fields, to which the aspects
of the present invention can be applied.

A wireless communication system, to which aspects of the
present invention are applicable, can support uplink and/or
downlink hybrid automatic repeat request (HARD) and can
use a Channel Quality Indicator (CQI) for link adaptation.
Further, different multiple access schemes may be used for
downlink transmission and uplink transmission. For
example, an Orthogonal Frequency Division Multiple
Access (OFDMA) scheme may be used for the downlink,
while a Single Carrier-Frequency Division Multiple Access
(SC-FDMA) scheme is used for the uplink.

The radio interface protocol layers between a UE and a
network can be classified into the first layer (1), the second
layer (1.2), and the third layer (L.3) based on the lower three
layers of the Open System Interconnection (OSI) model
widely known in the communication systems, and the physi-
cal layer belonging to the first layer provides an information
transfer service using a physical channel.

Meanwhile, the wireless communication system accord-
ing an exemplary embodiment of the present invention is
applied, one radio frame or wireless frame includes ten
sub-frames and one sub-frame may include two slots.

The basic unit for data transmission is a sub-frame, and
downlink or uplink scheduling is performed for each sub-
frame. One slot may include a plurality of OFDM symbols
in the time axis domain (time domain) and a plurality of
sub-carriers in the frequency axis domain (frequency
domain).

For example, one sub-frame includes two time slots.
Further, in the case of using a normal Cyclic Prefix (CP) in
the time domain, each time slot may include seven symbols
(six or three symbols in the case of using an extended CP),
and may include sub-carriers corresponding to a bandwidth
of 180 kHz (since one sub-carrier has a bandwidth of 15
kHz, the bandwidth of 180 kHz corresponds to a total of 12
sub-carriers) in the frequency domain. The time-frequency
region, which is defined by one slot along the time axis and
the bandwidth of 180 kHz along the frequency axis, can be
referred to as a Resource Block (RB).

FIG. 2a illustrates a sub-frame structure of transmission
data according to an exemplary embodiment of the present
invention. Referring to FIG. 2a, the transmission time of a
frame can be divided into multiple Transmission Time
Intervals (TTIs) 201, each having a duration of 1.0 ms. The
terms “TTT” and “sub-frame” have the same meaning, and
each frame has a length of 10 ms and includes 10 TTIs.
Further, one TTI includes two time slots 202 having the
same length, wherein each time slot has a duration of 0.5 ms.

FIG. 2b illustrates a typical structure of one of the time
slots 202 according to an exemplary embodiment of the
present invention. Referring to FIG. 25, the TTI is a basic
transmission unit, and one TTI includes the two time slots
202 having the same length, wherein each time slot has a
duration of 0.5 ms. The time slot includes a plurality of Long
Blocks (L.Bs) 203, each of which corresponds to a symbol.
The LBs 203 are separated from each other by Cyclic
Prefixes (CPs) 204. The CPs include a normal CP and an
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extended CP, which are classified according to the lengths.
The multiple [.Bs within one time slot include seven L.Bs in
the case of using the normal CPs, while the multiple L.Bs
within one time slot include six or three LBs in the case of
using the extended CPs.

In summary, one TTI or sub-frame 201 may include 14
LB symbols 203 if the normal CP 204 is used, and may
include 12 LB symbols 203 (6 LB symbols in a special case)
if the extended CP 204 is used. However, aspects of the
present invention are not limited to the frame, sub-frame, or
time-slot structure as described above.

FIG. 2c illustrates one Resource Block (RB) 230 during
one sub-frame or TTI 201 according to an exemplary
embodiment of the present invention, wherein each TTI or
sub-frame can be divided into 14 symbols (axes) in the case
of normal CP 204 or divided into 12 (or 6) symbols (axes)
203 in the case of extended CP 204 in the time domain. Each
symbol (axis) can carry one OFDM symbol.

Further, the entire system bandwidth having a length of 20
MHz can be divided into sub-carriers having different fre-
quencies. For example, as described above, an area, which
includes one slot in the time domain and sub-carriers cor-
responding to the bandwidth of 180 kHz (12 sub-carriers if
each sub-carrier has a bandwidth of 15 kHz) in the frequency
domain, can be referred to as a Resource Block (RB).

For example, the bandwidth of 10 MHz within one TTI
may include 50 RBs in the frequency domain.

In the RB structure shaped like a grid as described above,
each unit space shaped like a grid cell is referred to as a
Resource Element (RE). For example, if a resource area
includes one sub-frame in the time domain and sub-carriers
corresponding to a bandwidth of 180 kHz in the frequency
domain, and uses normal CPs, wherein each of the sub-
carriers has a frequency bandwidth of 15 kHz, the resource
area may include a total of 168 REs (i.e., 14 symbolsx12
sub-carriers).

In the LTE communication system, reference signals
include a Cell-specific Reference Signal (CRS), a Multicast/
Broadcast over Single Frequency Network (MBSFN) refer-
ence signal, and a UE-specific reference signal, and/or
Demodulation Reference Signal (DM-RS).

The CRS is included in and transmitted by all downlink
sub-frames of a cell supporting the Physical Downlink
Shared Channel (PDSCH) transmission. Further, the trans-
mission may be performed through one or multiple anten-
nas, for example, from among antenna Nos. 0 to 3.

Further, one reference signal is transmitted through each
downlink antenna port, and an RE used for transmission of
an RS through one port from among the antenna ports within
a slot cannot be used for another antenna port within the
same slot.

FIG. 3 illustrates examples of mapping of CRSs to a
time-frequency resource block according to an exemplary
embodiment. The examples shown in FIG. 3 include map-
ping of CRSs to time-frequency REs according to four
different antenna ports. In each antenna port, the REs, to
which CRSs are allocated, have a period of 6 for the
sub-carriers.

In FIG. 3, Rp indicates an RE used for transmission of a
reference signal at antenna port p. For example, R, indicates
an RE used for transmission of a reference signal at an
antenna port 0.

Meanwhile, in the next generation communication tech-
nology, the current CRSs defined for only four existing
antennas are insufficient for detection of channel informa-
tion at the time of downlink transmission. To this end, a
reference signal named “Channel State Information-Refer-
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ence Signal (CSI-RS)” is newly defined in order to support
a maximum of eight antennas in the downlink, thereby
obtaining channel state information.

According to the current basic definition relating to the
CSI-RS, CSI-RSs are mapped to two REs for each antenna
port within one radio frame. In other words, CSI-RSs are
mapped to two REs for each antenna port in an area
including 12 sub-carriers corresponding to one RB along the
frequency axis and one radio frame corresponding to the
time of 10 ms including 10 sub-frames along the time axis.
That is, for a total of eight antenna ports, a maximum of 16
REs are allocated to and transmitted by a sub-frame or
sub-frames. At this time, all of the 16 REs may be allocated
to and transmitted by one sub-frame from among the ten
sub-frames (in this case, the CSI-RSs are transmitted at a
period of 10 ms), or may be allocated to and transmitted by
two or more sub-frames from among the ten sub-frames.

For example, the CSI-RSs may be divided into two
groups(sets) each corresponding to a maximum of 8 REs and
may be then transmitted by two sub-frames from among the
ten sub-frames. At this time, the CSI-RSs are transmitted at
a period of 5 ms or 10 ms.

Meanwhile, a communication system using a maximum
of 64 (i.e., 8x8) Multiple Input Multiple Output (MIMO)
antennas at both the transmission port and the reception port
is being discussed. In the discussed communication system,
since different CSI-RSs according to the antenna ports or
antenna layers should be transmitted, a transmitter should
allocate CSI-RSs for a total of eight antenna ports to a
time-frequency domain in a discriminated manner. Espe-
cially, the CSI-RSs may be allocated in a manner capable of
discriminating cells from each other in the multi-cell envi-
ronment.

According to aspects of the present invention, antenna
layers may be data layers, which can be logically simulta-
neously transmitted from a base station or a mobile com-
munication terminal to multiple antenna ports. However, the
antenna layers may have the same data or different data.
Therefore, the number of the antenna layers may be equal to
or smaller than the number of antenna ports. Meanwhile, an
antenna port number is used to express each time-frequency
resource area. Therefore, among antenna ports used for the
same purpose, different antenna port numbers indicate dif-
ferent antennas corresponding to spatially discriminated
time-frequency resource areas.

For example, antenna port numbers for CRSs using a
maximum of four antennas include O to 3. Further, in the
case of MBSFN-RS, LTE Rel-8 UE-specific RS (DM-RS),
and PRS (Positioning Reference Signal), each of which uses
a maximum of one antenna, antenna port numbers include 4,
5, and 6. Further, in the case of LTE Rel-10 DM-RS, which
uses a maximum of 8 antennas, antenna port numbers
include 7 to 14. In the case of CSI-RS, which also uses a
maximum of 8 antennas, numbers following 14 may be used
for antenna port numbers. That is, antenna port numbers 15
to 22 may be used for antenna port numbers, and antenna
port number 15 may be used for the first antenna port for
CSI-RS transmission. At this time, within each particular
reference signal, different antenna port numbers indicate
antennas having spatially discriminated time-resource areas.

The following description is based on an antenna port,
although it can be applied to an antenna layer.

FIG. 4 is an illustrative view showing a representative
example of mapping a CSI-RS according to an exemplary
embodiment. Referring to FIG. 4, in a case where a normal
CP (Cyclic Prefix) of a normal subframe is used for a single
subframe, locations of the CRS (Cell-specific Reference
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Signal), the control region, and the LTE Rel-9/10 DM-RS
(Demodulation Reference Signal), among a total of 14
symbols are taken into consideration, and normal CPs can be
allocated to the 10th or 11th symbol and then transmitted
while preventing the normal CPs from overlapping with the
CRS, the control region, and the L'TE Rel-9/10 DM-RS.
However, aspects of the present invention are not limited to
this configuration. For reference, a UE-specific RS (or
DM-RS) region of the LTE Rel-8 is not shown in FIG. 4.

At this time, if CSI-RSs are allocated to 16 REs in a single
subframe, REs may be transmitted in such a manner that
each of 2 symbols (or symbol axes) includes 8 REs. If
CSI-RSs corresponding to 8 REs are allocated to a single
subframe, REs may be transmitted in such a manner that the
8 REs are all allocated to a single symbol (or symbol axis).
The REs may be transmitted in such a manner that each of
2 symbols (or symbol axes) includes 4 REs.

FIGS. 5 to 7 are illustrative views showing exemplary
embodiments of basic schemes for CSI-RS allocation for
each antenna port according to the FDM, (FDM+TDM), and
(FDM+CDM) schemes, respectively.

In FIGS. 5 to 7, an RE indicated by a reference numeral
represents an RE allocated to a CSI-RS, and the reference
numeral represents a number of an antenna port allocated to
a CSI-RS. In this case, the antenna port number signifies a
number of an antenna port for transmitting a CSI-RS. The
antenna port numbers may be obtained by sequentially
numbering, but not necessarily consecutively numbering,
for example, “1” to “8” in consideration of a maximum of
8 CSI-RS transmission antennas. Also, the antenna port
numbers do not signify reference numerals indicating abso-
lute antenna port numbers considering all RSs.

In an FDM scheme as shown in FIG. 5, 8 antenna ports
are distinguished only by frequency resources. A single
Resource Block (RB) includes 12 subcarriers along the
frequency axis. Therefore, if 8 subcarriers are distinguished
within a single symbol axis as shown in the FDM scheme of
FIG. 5, the 8 subcarriers can be used to distinguish between
all 8 antenna ports. Herein, CSI-RS allocation overhead is 2
REs per antenna port (i.e., 16 REs for the 8 antenna ports)
in a region of subcarriers, the number of which is 10 ms (140
symbols for a normal subframe having normal CPs)x12 as
described above. Therefore, 8 REs can be allocated to each
of 2 subframes.

In an (FDM+TDM) scheme as illustrated in FIG. 6, 8
antenna ports are distinguished by frequency and time
resources. In the (FDM+TDM) scheme, 4 antennas are
distinguished by the frequency axis, and 4 antenna ports are
again distinguished by different symbols along the time axis.
As a result, a total of 8 antenna ports can be distinguished.

In an (FDM+CDM) scheme as illustrated in FIG. 7, 8
antenna ports are distinguished by frequency and code
resources. In the (FDM+CDM) scheme, 4 antenna ports are
distinguished by the frequency axis, and 4 antenna ports are
again distinguished by different codes. As a result, a total of
8 antenna ports can be distinguished. For example, No. 1
antenna and No. 2 antenna are allocated to the same RE and
the same RE allocated the No. 1 antenna and No. 2 antenna
is then transmitted in a time-frequency domain. However,
the No. 1 antenna and No. 2 antenna are distinguished by
different codes, such as the Orthogonal Cover Code (OCC),
which have the orthogonality.

FIGS. 5 to 7 illustrate basic schemes for CSI-RS alloca-
tion for each antenna port according to the FDM, (FDM+
TDM), and (FDM+CDM) schemes, respectively. However,
aspects are not limited thereto such that various methods
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may be provided according to CSI-RS allocation overhead
and schemes equivalent to the schemes as described above.

Moreover, the schemes for CSI-RS pattern allocation as
illustrated in FIG. 4 and FIGS. 5 to 7 all have perfect
orthogonality for each antenna port, and are distinguished
from one another. However, if the schemes for the CSI-RS
pattern allocation as described above are used and Base
Stations (BSs) or cells are distinguished only by CSI-RS
sequences mapped to defined CSI-RS patterns respectively,
many neighboring cells may simultaneously transmit CSI-
RSs through the same time-frequency resource. As a result,
there may exist a problem in that interference between
neighboring cells causes performance degradation.

Particularly, in a communication system such as a Coop-
erative Multipoint Tx/Rx System (CoMP), in which the
relevant user needs to transmit/receive a reference signal
to/from a neighboring cell as well as a serving cell, which
currently performs main transmission/reception, reception
power of a CSI-RS of the neighboring cell is weaker than
that of the serving cell. Therefore, if the serving cell and the
neighboring cell simultaneously transmit CSI-RSs through
the same time-frequency resource, the relevant user has
difficulty in properly detecting the CSI-RS from the neigh-
boring cell.

Accordingly, aspects of the present invention provide a
scheme, in which a CSI-RS is allocated (or mapped) and the
allocated (or mapped) CSI-RS is then transmitted in such a
manner that each cell may have orthogonality (in the CoMP)
or quasi-orthogonality (in a non-CoMP) with respect to
time-frequency resources, and thereby it is possible to
reduce performance degradation caused by interference
between neighboring cells.

FIG. 8 is a block diagram illustrating the configuration of
a CSI-RS allocation apparatus to generate a CSI-RS and to
allocate the generated CSI-RS to Resource Elements (REs)
according to an exemplary embodiment of the present
invention. Referring to FIG. 8, a CSI-RS allocation appa-
ratus 800 according to an exemplary embodiment includes a
CSI-RS generator 810 and a CSI-RS resource allocator 820.

The CSI-RS generator 810 receives external information,
such as system-specific information, and generates a CSI-RS
or a CSI-RS sequence based on the received external infor-
mation. At this time, the system-specific information may
include at least one of BS information (e.g., cell IDs), relay
node information, UE information, subframe numbers, slot
numbers, OFDM symbol numbers, and CP sizes. However,
aspects of the system-specific information are not limited to
this configuration. Meanwhile, the BS (or cell) information,
for example, may be BS antenna information, BS bandwidth
information, and/or BS cell ID information.

For example, the CSI-RS generator 810 determines a
length of a sequence by using system-specific information,
such as antenna or bandwidth information of a BS, and
receives cell ID information and selects a CSI-RS of the
relevant cell ID, which has been previously determined.

The CSI-RS resource allocator 820 receives the system-
specific information and frame timing information, and
allocates CSI-RSs according to antenna ports, which have
been generated by the CSI-RS generator 810, to a time-
frequency resource region. Thereafter, the CSI-RSs allo-
cated to REs are multiplexed with BS transmission frames.

The CSI-RS resource allocator 820 performs allocates
resources of an OFDM symbol (i.e., the x-axis) and a
subcarrier location (i.e., the y-axis) by predetermined rules
in a resource allocation method for CSI-RSs, and multiplex-
ing allocated resources with BS transmission frames at
specific frame timing.
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Meanwhile, when allocating a CSI-RS for each of a
maximum of 8 antenna ports to a time-frequency domain,
the CSI-RS resource allocator 820, according to aspects of
the present invention, allocates CSI-RSs according to
antenna ports to 4 REs or subcarriers on a basis of a single
symbol (or symbol axis) in a single subframe or Resource
Block (RB). At this time, the CSI-RS resource allocator 820
may allocate the CSI-RSs in such a manner that a distance
between neighboring CSI-RS allocation REs or subcarriers
may become as long as 3 REs or subcarriers.

In other words, the CSI-RS resource allocator further
includes that; the CSI-RS resource allocator maps the CSI-
RS sequence to REs corresponding to one sub-carrier at
every 12 sub-carriers for each antenna port with respect to
two OFDM symbols within a sub-frame by which the
CSI-RS is transmitted, for [N/2] antenna port sets, each of
which includes either both an M” (M=N, and M being an
odd number) antenna port and an (M+1)* antenna port or
only the M” antenna port if the (M+1)” antenna port does
not exist and is used as an antenna port set for transmission
of'the CSI-RS, a CSI-RS of antenna ports within each of the
antenna port sets is allocated to REs having the same
time-frequency resource and are discriminated from each
other by orthogonal codes, and the CSI-RS allocated for two
adjacent antenna port sets within a resource block are spaced
apart from each other with an interval of 3 REs in the
frequency axis.

A more detailed description will be made as follows.
When allocating a CSI-RS for each of a maximum of 8
antenna ports to a time-frequency domain in a first scheme,
the CSI-RS resource allocator 820, according to aspects of
the present invention, allocates CSI-RSs to 2 symbols (or
symbol axes) in a single subframe. At this time, the CSI-RS
resource allocator 820 individually allocates a CSI-RS for
each of a total of the 8 antenna ports to a single RE in a first
subframe. Other than this, the CSI-RS resource allocator 820
distinguishes CSI-RSs according to antenna ports excluding
the previously-allocated antenna ports from CSI-RSs
according to the previously-allocated antenna ports by using
the Orthogonal Cover Code (OCC), and duplicately allo-
cates each of the distinguished CSI-RSs according to the
antenna ports to 2 REs in a first subframe. The first scheme,
which has been applied to the first subframe, is similarly
applied to another or second subframe to which a CSI-RS for
each of a total of the 8 antenna ports is to be allocated. The
first scheme will be described in further detail referring to
FIGS. 10 to 12 (individual allocation of a CSI-RS for each
of'the 8 antenna ports to a single RE) and FIG. 16 (duplicate
allocation of each pair of the distinguished CSI-RSs accord-
ing to the 8 antenna ports to 2 REs).

When allocating a CSI-RS for each of a maximum of 8
antenna ports to a time-frequency domain in a second
scheme, the CSI-RS resource allocator 820, according to
aspects of the present invention, allocates CSI-RSs to 2
symbols (or symbol axes) in a single subframe. At this time,
the CSI-RS resource allocator 820 individually allocates a
CSI-RS for each of a total of 4 antenna ports to 2 REs in a
first subframe. However, the CSI-RS resource allocator 820
may distinguish CSI-RSs according to antenna ports exclud-
ing the previously-allocated antenna ports from CSI-RSs
according to the previously-allocated antenna ports by using
the Orthogonal Cover Code (OCC), and may duplicately
allocate each of the distinguished CSI-RSs according to the
antenna ports to 4 REs in a first subframe. The second
scheme, which has been applied to the first subframe, is
similarly applied to another or second subframe to which a
CSI-RS for each of the remaining 4 antenna ports excluding
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the 4 antenna ports allocated to the first subframe is to be
allocated. The second scheme will be described in further
detail referring to FIGS. 13 to 15 (individual allocation of a
CSI-RS for each of the 4 antenna ports to 2 REs) and FIG.
17 (duplicate allocation of each pair of the distinguished
CSI-RSs according to the 4 antenna ports to 4 REs).

Also, a CSI-RS for a particular antenna port may be
allocated in such a manner as to have frequency shifts in the
direction of the frequency axis according to cells (or cell
groups). Particularly, a CSI-RS for the same antenna port
can be allocated in such a manner as to have shifts on a basis
of a single subcarrier or RE in the direction of the frequency
axis according to 3 cells (or cell groups). Accordingly, the
cells (or cell groups) can have perfectly-distinguished CSI-
RS allocation patterns, respectively.

Also, locations of the first and second frames as described
above can be differently allocated in a radio frame for each
cell (or cell group).

Meanwhile, in the first scheme as illustrated in FIGS. 10
to 12 and FIG. 16, numbers of antenna ports allocated
CSI-RSs may be arranged on the same symbol (or symbol
axis) in such a manner so as to alternate in the direction of
the frequency axis. Also, a CSI-RS for the same antenna port
can be allocated in such a manner that a shift between 2 REs
respectively belonging to the first and second subframes,
each of which is allocated a CSI-RS for the same antenna
port, may become as long as 6 REs or subcarriers. However,
aspects are not limited thereto.

An example, in which the CSI-RS allocation apparatus
800 according to an exemplary embodiment is used for a
wireless communication system using OFDM and MIMO,
will be described as follows.

FIG. 9 is a block diagram illustrating the structure for
signal generation of a downlink physical channel in a
wireless communication system according to an exemplary
embodiment.

Referring to FIG. 9, a wireless communication system
900, according to an exemplary embodiment, includes a
resource element mapper 910 and a CSI-RS allocation
apparatus 800. The CSI-RS allocation apparatus 800 may
include a CSI generator 810 and a CSI-RS resource allocator
820.

Meanwhile, the wireless communication system 900,
shown in dotted lines, may further include a scrambler, a
modulation mapper, a layer mapper, a precoder, an OFDM
signal generator, etc., which are elements of a basic trans-
mission apparatus in a Base Station (BS). However, aspects
of the present invention as described above are not limited
thereto.

Further, the wireless communication system 900 may be
a communication system of the BS 10 as illustrated in FIG.
1.

A basic operation of the wireless communication system
900 will be described as follows. Bits, which go through
channel coding and are input in the form of code words in
a downlink, are scrambled by the scrambler, and are then
input to the modulation mapper. The modulation mapper
modulates the scrambled bits to a complex modulation
symbol. Then, the layer mapper maps the complex modu-
lation symbol to a single transmission layer or multiple
transmission layers. Then, the precoder precodes the com-
plex modulation symbol over each transmission channel of
an antenna port. Thereafter, the resource element mapper
maps the complex modulation symbol for each antenna port
to a relevant resource element.

The CSI-RS generator 810 generates a CSI-RS, and
provides the generated CSI-RS to the CSI-RS resource
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allocator 820. Then, the CSI-RS resource allocator 820,
individually or in connection with the resource element
mapper, allocates CSI-RSs according to antenna ports to a
time-frequency domain in the scheme as described above,
and multiplexes the allocated CSI-RSs with BS transmission
frames at a specific timing.

At this time, the CSI-RS resource allocator 820 may first
allocate RSs, which include the CSI-RSs according to the
antenna ports, and control signals to resource elements, and
may allocate data received from the precoder to the remain-
ing resource elements.

Thereafter, the OFDM signal generator generates a com-
plex time domain OFDM signal for each antenna port, and
transmits the generated complex time domain OFDM signal
through the relevant antenna port.

Although the CSI-RS allocation apparatus 800 and the
resource element mapper 910 are described and shown
separately, aspects are not limited thereto such that the
CSI-RS allocation apparatus 800 and the resource element
mapper 910 may be implemented by integrating them in an
aspect of hardware or software according to exemplary
embodiments of the present invention.

The structure for signal generation of the downlink physi-
cal channel in the wireless communication system, accord-
ing to aspects of the present invention, has been described as
above with reference to FIG. 9. However, aspects of the
present invention are not limited thereto. Namely, in the
structure for signal generation of the downlink physical
channel in the wireless communication system, according to
aspects of the present invention, other elements, which are
different from the elements as described above, may be
omitted, the elements may be replaced or changed with other
elements, or other elements may be further included.

FIGS. 10 to 12 are illustrative views showing a scheme
for allocating CSI-RSs in a (FDM+TDM) scheme by a
CSI-RS allocation apparatus according to an exemplary
embodiment of the present invention for cells (or cell
groups) A, B, and C, respectively.

When allocating a CSI-RS for each of a maximum of 8
antenna ports to a time-frequency domain in an exemplary
embodiment as illustrated in FIG. 10, the CSI-RS allocation
apparatus can individually allocate a CSI-RSs for each of 4
antenna ports to a single RE or subcarrier within a first
symbol (or symbol axis) in a first subframe or resource
block. Therefore, a CSI-RS for each of the 4 different
antenna ports is allocated to one of 4 REs. Then, the CSI-RS
allocation apparatus can individually allocate a CSI-RS for
each of remaining 4 antenna ports, which are not allocated
to the first symbol (or symbol axis), to a single RE within a
second symbol (or symbol axis) in the same subframe.

Therefore, CSI-RSs according to different antenna ports
are allocated to CSI-RS allocation REs, which are adjacent
within the first and second symbols (or symbol axes),
respectively. A distance between the CSI-RS allocation REs
may be as long as 3 REs or carriers in the direction of the
frequency axis.

Herein, an RE, which is allocated a CSI-RS for a par-
ticular antenna port, will be referred to as a “CSI-RS
allocation RE.”

Namely, in exemplary embodiments as illustrated in
FIGS. 10 to 12, a CSI-RS for each of 4 antenna ports is
individually allocated to one of 4 REs corresponding to 4
subcarriers among 12 subcarriers along the frequency axis
within a single symbol axis in a single Resource Block (RB).
At this time, a distance between a CSI-RS allocation RE
allocated to each antenna port and a neighboring CSI-RS
allocation RE may be as long as 3 subcarriers.
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A CSI-RS for each of remaining 4 antenna ports is
individually allocated to another symbol axis in the scheme
as described above. In this case, a CSI-RS for each of a total
of 8 antenna ports is allocated to a single RE in a single
subframe. The CSI-RSs are allocated to 2 subframes among
a total of 10 subframes in the scheme as described above in
consideration of CSI-RS allocation overhead (such that a
CSI-RS for each antenna port should be allocated to 2 REs
in a single radio frame). However, if the CSI-RS allocation
overhead is changed, aspects of the present invention are not
limited thereto. However, a scheme for CSI-RS allocation in
a single subframe may be the same even if the CSI-RS
allocation overhead is changed.

The CSI-RS mapping or allocation scheme according to
aspects of the present invention as described above can be
defined by equation (1) below. However, equation (1)
expresses a representative example for purposes of under-
standing, and may be differently expressed while maintain-
ing the basic scheme as described above.

k=12-m+ (v + vgs)mod 12

{ 10 if CSI — RS antenna ports = 1,2, 3,4 (1)
9

if CSI— RS antenna ports=5,6,7, 8

where m =0, 1,2, ..., NBE -1,

if CSI— RS antenna ports = 1, 7 and |ny/2] = 1
if CSI— RS antenna ports =2, 8 and |ny/2] =1
if CSI— RS antenna ports =3, 5 and |n/2] = 1
if CSI— RS antenna ports =4, 6 and |n/2] = 1
if CSI— RS antenna ports = 1,7 and |ny/2) =6 and
if CSI— RS antenna ports =2, 8 and [n,/2] =6
if CSI— RS antenna ports =3, 5 and [n,/2] =6

=
1}
(98] o < [=} o (98] [=} <

if CSI— RS antenna ports =4, 6 and [n,/2] =6

Vos = Nigltmod 12.

Herein, k represents a subcarrier number of an RE allo-
cated a CSI-RS. 1 of an RE allocated a CSI-RS represents
symbol (or symbol axis) numbers 0 to 13. |n,/2| represents
subframe numbers O to 9.

|n/2 | represents a subframe number, and is described as
having a value of 1 or 6. However, aspects of the present
invention are not limited thereto. |n/2| may indicate 2
optional subframes among 10 subframes included in a single
radio frame.

Also, equation (1) defines 1 of an RE allocated a CSI-RS
to have 9 or 10 as a symbol (or symbol axis) number.
However, aspects of the present invention are not limited
thereto. Two optional symbols (or symbol axes), which are
adjacent or not adjacent, may be used among a total of 14
symbols or symbol axes if a normal CP is used, and if an
extended CP is used, the number of symbols or symbol axes
may be 12 or 6.

Also, as in FIG. 10 and equation (1), 4 antenna ports,
which are allocated to each of the first and second symbols
(or symbol axes) defined as 1=9 and 10, are grouped into
antenna port numbers 5 to 8 and antenna port numbers 1 to
4. However, aspects of the present invention are not limited
thereto. It is also possible to group the 8 antenna ports in
other schemes.
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Also, if CSI-RS allocation REs for the 4 antenna ports 5
to 8 are arranged within the first symbol (or symbol axis),
adoption can be made of a scheme in which the CSI-RS
allocation REs are not arranged in order but are alternately
arranged one by one. Namely, if a CSI-RS for the antenna
port 7 is allocated to an RE located at (1, k)=(9, 0) as in FIG.
10 and equation (1), an RE located at (1, k)=(9, 3), which is
adjacent along the frequency axis (i.e., distant by 3 REs), is
not allocated the antenna port 6 but a CSI-RS for the antenna
port 5, which is the next antenna port. Then, a CSI-RS for
the antenna port 8 may be allocated to an RE located at (1,
k)=(9, 6).

CSI-RS allocation REs for neighboring antenna ports are
alternately arranged one by one in the scheme as described
above, and thereby interference between antenna ports can
be reduced. However, aspects of the present invention are
not limited thereto.

If a single radio frame includes 2 subframes allocated
CSI-RSs as described above and the 2 subframes are defined
as first and second subframes, a shift between CSI-RS
allocation REs for a particular antenna port in the first and
second subframes may be as long as 6 REs as illustrated in
FIG. 10.

Namely, if the antenna port 1 is taken as an example, a
CSI-RS allocation RE for the antenna port 1 is located at (1,
k)=(10, 0) in the first subframe as illustrated in FIG. 10. On
the other hand, a CSI-allocation RE for the antenna port 1 is
allocated to (1, k)=(10, 6), which is shifted as long as 6
subcarriers or REs in the direction of the frequency axis, in
the second subframe.

Interference between antenna ports can be decreased in
the scheme as described above. However, aspects of the
present invention are not limited thereto.

The first and second subframes may be optional in deter-
mining the locations thereof but may have an appropriate
distance therebetween within a single radio frame. For
example, if numbers of subframes included in the radio
frame are defined to be 0 to 9 and the first subframe is
located at the subframe number 1, the second subframe is
arranged at the subframe number 6 among the subframe
numbers. However, aspects of the present invention are not
limited thereto, and the first and second subframes may be
adjacent or arranged differently.

Namely, CSI-RSs are allocated to 2 subframes among a
total of 10 subframes in consideration of CSI-RS allocation
overhead. The 2 subframes may be continuous or may have
a specific period. Namely, the 2 subframes having similar
configurations are transmitted in the scheme of FIG. 10.
Therefore, the 2 subframes may be transmitted at intervals
of' 5 ms, which is obtained by dividing a total of 10 ms by
2.

Alternate CSI-RS allocation between cells (or cell groups)
will be described referring to FIGS. 11 and 12 based on FIG.
10.

According to FIGS. 11 and 12 and equation (1), a scheme
for CSI-RS allocation for each antenna port may be similar
to as illustrated in FIG. 10, and a CSI-RS for each antenna
port can be allocated in such a scheme as to have offsets or
frequency shifts according to cells (or cell groups).

In other words, if multiple resource blocks are included,
each antenna port allocates a CSI-RS to each 12 subcarrier
and transmits each 12% subcarrier allocated the CSI-RS in
view of the entire frequency axis.

Referring to FIG. 10, the CSI-RS antenna port 1, for
example, is mapped to each (k=12'm)” (m=0,1,2, . . . ,
N,z"F-1) subcarrier within the 117 symbol (having a sym-
bol number 10) in a particular subframe. Herein, N2~ is a
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value obtained by representing a downlink bandwidth on a
RB-by-RB basis. Also, a total 12 of 0 to 11 offsets or
frequency shifts according to cell groups may be expressed
by k=12m4v ., (m=0, 1, 2, . .. , Npg25-1).

At this time, there may be different values of v,
according to the cells (or cell groups). For example, v,
may be expressed by Vshiﬁ:N,D“” modl2 according to
Physical Cell Identities (PCIs), which are cell 1Ds.

If the 12 offsets or frequency shifts are also applied to
each of other antenna ports according to PCIs in the above
scheme, a distance between CSI-RSs allocated for each of
antenna ports may be as long as 3 subcarriers. Therefore, a
total of 3 cell groups (a cell group A: N7 mod3=0, a cell
group B: N,,°“ mod3=1, and a cell group C: N,/
mod3=2) have perfectly-distinguished CSI-RS allocation
patterns with respect to time-frequency resources, respec-
tively.

If the antenna port 7 is taken as an example, the CSI-RS
allocation patterns signify a scheme in which the antenna
port 7 is allocated to (I, k)=(9, 0) (FIG. 10 and N,,,°*”
mod3=0) in the cell group A, but the antenna port 7 is
allocated to (1, k)=(9, 1) (FIG. 11 and N,,°*“ mod3=1) in the
cell group B, and the antenna port 7 is allocated to (1, k)=(9,
2) (FIG. 12 and N,,,**“ mod3=2) in the cell group C.

Also, the locations of the first and second subframes may
be differently arranged for each cell group. In other words,
in FIGS. 10 to 12, offsets or frequency shifts according to
cell groups may be applied to a location of CSI-RS alloca-
tion in the direction of the frequency axis for each antenna
port in a single subframe, and thereby CSI-RS allocation
patterns may be differently defined among neighboring cells.
However, further, subframes allocated CSI-RSs may be
made different for each neighboring cell.

For example, when the 2"¢ and 7% subframes, which have
been allocated CSI-RSs, among 10 subframes have been
transmitted by a particular cell group, the 3" and 8” sub-
frames are transmitted by another cell group. By making the
relative locations of the first and second subframes different
for each cell group in this manner, interference between
neighboring cells may be further reduced.

Also, a CSI-RS allocation RE for each of 8 antenna ports
is arranged in the first subframe. Therefore, (the number of
CSI-RS allocation REs for each antenna portxthe number of
antenna ports) can be defined as (1x8) on a subframe-by-
subframe basis. There may be a total of 2 subframes, which
satisfy the above definition, including the first subframe.
Accordingly, (the number of CSI-RS allocation REs for each
antenna portxthe number of antenna ports) is equal to (2x8)
on a radio frame-by-radio frame basis. Hence, a required
CSI-RS allocation overhead is satisfied.

In a cooperative multi-antenna transmission/reception
system, such as a CoMP, in which a User Equipment (UE)
should receive a CSI-RS of a cell other than a serving cell,
the UE may perform blanking for leaving data blank without
transmitting the data or muting for transmitting data with
zero power with respect to REs through which CSI-RSs are
transmitted by a cell group other than a cell group, to which
the UE and the serving cell belong, among a total of 3 cell
groups.

Namely, in FIG. 10, the cell group A does not transmit
data or transmits data with zero power to REs located at (1,
k)=(9 or 10, 1 or 2), through which the cell groups B and C
transmit CSI-RSs, so that there may exist a perfect orthogo-
nality between cells in the 3 cell groups. Accordingly,
interference between neighboring cells may be decreased.
Further, this may be referred to as an orthogonal state for
each cell.
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However, in this case, CSI-RS allocation overhead
increases by leaving the place blank instead of the existing
transmission of data. Then, the increased CSI-RS allocation
overhead reduces a data transmission rate.

Therefore, in a non-CoMP communication system in
which a UE does not need to receive a CSI-RS of'a cell other
than a serving cell, in order not to cause the increase of
CSI-RS allocation overhead, the UE considers interference
to some degree, which is caused by data, and may transmit
data to REs through which CSI-RSs are transmitted by a cell
group other than a cell group, to which the UE and the
serving cell belong, among a total of 3 cell groups. This can
be referred to as a quasi-orthogonal state for each cell.

However, even though there exists the quasi-orthogonal-
ity between cells in the 3 cell groups, cell groups corre-
sponding to neighboring cells do not simultaneously trans-
mit CSI-RSs through the same time-frequency resource.
Therefore, it is possible to reduce performance degradation
caused by interference between the neighboring cells.

FIGS. 13 to 15 are illustrative views showing a scheme
for CSI-RS allocation in (FDM+TDM) according to an
exemplary embodiment of the present invention for cells (or
cell groups) A, B, and C, respectively.

When a CSI-RS for each of a maximum of 8 antenna ports
is allocated to a time-frequency domain in an exemplary
embodiment of FIGS. 13 to 15, a CSI-RS for each of 2
antenna ports is individually allocated to 2 REs or subcar-
riers within a first symbol (or symbol axis) in a first
subframe or Resource Block (RB). A CSI-RS for each of 2
antenna ports excluding the 2 antenna ports allocated to the
first symbol (or symbol axis) is individually allocated to 2
REs within a second symbol (or symbol axis) in the same
subframe. A CSI-RS for each of remaining 4 antenna ports
may be allocated in another second subframe or RB in the
scheme as described above.

Accordingly, each of the first and second symbols (or
symbol axes) is allocated according to (the number of
CSI-RS allocation REs for each antenna portxthe number of
antenna ports)=(2x2). A distance between CSI-RS allocation
REs may be as long as 3 REs or subcarriers in the direction
of the frequency axis as described with respect to FIGS. 10
to 12.

In other words, in an exemplary embodiment as shown in
FIGS. 13 to 15, a CSI-RS for each of 2 antenna ports is
individually allocated to 2 REs among 4 REs corresponding
to 4 subcarriers within 12 subcarriers along the frequency
axis within a single symbol axis in a single RB. At this time,
a distance between CSI-RSs allocated according to antenna
ports may be as long as 3 subcarriers.

A CSI-RS for each of 2 antenna ports excluding 2
allocated antenna ports may be individually allocated to 2
REs within another symbol axis in the scheme as described
above. In this case, a CSI-RS for each of a total of the 4
antenna ports is individually allocated to 2 REs in a single
subframe. A CSI-RS for each of remaining 4 antenna ports
excluding 4 allocated antenna ports is allocated to 2 REs in
another subframe in the scheme as described above. As a
result, a CSI-RS for each antenna port may be individually
allocated to 2REs in a total of 10 subframes.

The CSI-RS mapping or allocation scheme according to
aspects of the present invention as described above can be
defined by equation (2) below. However, equation (2)
expresses a representative example for purposes of under-
standing, and may be differently expressed while maintain-
ing the basic scheme as described above.
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Subframe A: transmission through CSI-RS antenna
ports=1, 2, 3, 4

Subframe B: transmission through CSI-RS antenna
ports=5, 6, 7, 8

k=6-m+ (v +vgmod 12

10 if CSI — RS antenna ports =1,2,5,6
lz{ 9 if CSI— RS antenna ports=3,4,7, 8
where m =0, 1,2, ..., 2-NBk -1,
0 if CSI— RS antenna ports=1,4,5, 8
v= { 3 if CSI — RS antenna ports =2, 3,6,7 > and

Ve = Nigltmod 6.

@

Herein, k represents a subcarrier number of an RE allo-
cated a CSI-RS. 1 of an RE allocated a CSI-RS represents
symbol (or symbol axis) numbers O to 13.

Also, equation (2) defines 1 of an RE allocated a CSI-RS
to have 9 or 10 as a symbol (or symbol axis) number.
However, aspects of the present invention are not limited
thereto. Two optional symbols (or symbol axes), which are
adjacent or not adjacent, may be used among a total of 14
symbols or symbol axes if a normal CP is used, and if an
extended CP is used, the number of symbols or symbol axes
may be 12 or 6.

Also, as in FIGS. 13 to 15 and equation (2), 4 antenna
ports, which are allocated to the first symbol (or symbol
axis) defined as 1=9, are grouped into antenna port numbers
3 and 4 in a first subframe, and are grouped into antenna port
numbers 7 and 8 in a second subframe. Four antenna ports,
which are allocated to the second symbol (or symbol axis)
defined as 1=10, are grouped into antenna port numbers 1
and 2 in a first subframe, and are grouped into antenna port
numbers 5 and 6 in a second subframe. However, this is just
one example, and aspects of the present invention are not
limited thereto. It is also possible to group the 8 antenna
ports in other schemes.

Also, when CSI-RS allocation REs for the 2 antenna ports
3 and 4 are arranged within the first symbol (or symbol axis)
in the first subframe, adoption can be made of a scheme in
which the CSI-RS allocation REs are alternately allocated
with each other. Namely, when a CSI-RS for the antenna
port 4 is allocated to an RE located at (1, k)=(9, 0) as in FIG.
13 and equation (2), a CSI-RS for the antenna port 3 is
allocated to an RE located at (1, k)=(9, 3) which is adjacent
along the frequency axis (i.e., distant by 3 REs). Then, a
CSI-RS for the antenna port 4 is allocated to an RE located
at (1, k)=(9, 6). Namely, a distance between CSI-RS alloca-
tion REs according to antenna ports may be as long as 6 REs
on the symbol (or symbol axis).

CSI-RS allocation REs for neighboring antenna ports are
alternately arranged one is by one in the scheme as described
above, and thereby interference between antenna ports can
be reduced. However, aspects of the present invention are
not limited thereto.

The first and second subframes may be optional in deter-
mining the locations thereof but may have an appropriate
distance therebetween in a single radio frame. For example,
if numbers of subframes included in the radio frame are
defined to be 0 to 9 and the first subframe is located at the
subframe number 1, the second subframe may be arranged
at 6 among the subframe numbers. However, aspects of the
present invention are not limited thereto, and the first and
second subframes may be just adjacent or arranged differ-
ently.
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According to an exemplary embodiment as illustrated in
FIGS. 13 to 15, (the number of CSI-RS allocation REs for
each antenna portxthe number of antenna ports) is defined as
(2x4) in each of the first and second subframes. Accordingly,
(the number of CSI-RS allocation REs for each antenna
portxthe number of antenna ports) is equal to (2x8) on a
radio frame-by-radio frame basis. In this regard, a required
CSI-RS allocation overhead is satisfied.

CSI-RSs are allocated to 2 subframes among a total of 10
subframes in consideration of CSI-RS allocation overhead.
The 2 subframes may be continuous or may all have a
specific period. Namely, the 2 subframes having different
configurations, in each of which CSI-RSs according to the 4
antenna ports are allocated, are transmitted in the scheme as
illustrated in FIGS. 13 to 15. Therefore, the 2 subframes as
continuous subframes may be transmitted by periods of 10
ms.

Alternate CSI-RS allocation between cells (or cell groups)
will be described referring to FIGS. 14 and 15 based on FIG.
13.

According to FIGS. 14 and 15 and equation (2), a scheme
for CSI-RS allocation for each antenna port may be similar
to as illustrated in FIG. 13, and a CSI-RS for each antenna
port can be allocated in such a scheme as to have offsets or
frequency shifts according to cells (or cell groups).

In other words, if at least one resource block is included,
each antenna port allocates a CSI-RS to each 6” subcarrier
and transmits each 6% subcarrier allocated to the CSI-RS in
view of the entire frequency axis. Referring to FIGS. 13 to
15, the CSI-RS antenna port 1, for example, is mapped to
each (k=6-m)” (m=0, 1,2, ..., 2-N.;”*~1) subcarrier or RE
within the 11 symbol (having a symbol number 1=10) in a
particular subframe. Herein, a total 6 of 0 to 5 offsets or
frequency shifts according to cell groups may be expressed
by k=6'm+v,,,, (m=0, 1, 2, . . ., 2:N;"~1). At this time,
there may be different values of v,,, according to the cells.
For example, v, may be expressed by Vshiﬁ:N,Dce” mod6
according to Physical Cell Identities (PCls), which are cell
1Ds.

If the 6 offsets or frequency shifts are also applied to each
of other antenna ports according to PCIs in the above
scheme, a distance between CSI-RSs allocated for each of
antenna ports may be as long as 3 subcarriers. Therefore a
total of 3 cell groups (a cell group A of FIG. 13: N,,,°*”
mod3=0, a cell group B of FIG. 14: N,,°*7 mod3=1, and a
cell group C of FIG. 15: N,,,°“ mod3=2) have perfectly-
distinguished CSI-RS allocation patterns with respect to
time-frequency resources, respectively.

If an example of the antenna port 4 is described in detail
referring to FIGS. 13 to 15, the CSI-RS allocation patterns
signify a scheme in which the antenna port 4 is allocated to
(1, ¥)=(9, 0) (FIG. 13 and N,,,°*” mod3=0) in the cell group
A, but the antenna port 4 is allocated to (1, k)=(9, 1) (FIG.
14 and N,,,°*“ mod3=1) in the cell group B, and the antenna
port 4 is allocated to (1, k)=(9, 2) (FIG. 15 and N,,,°*”
mod3=2) in the cell group C.

Also, the locations of the first and second subframes may
be differently arranged for each cell group.

In other words, in FIGS. 13 to 15, offsets or frequency
shifts according to cell groups are applied to a location of
CSI-RS allocation in the direction of the frequency axis for
each antenna port in a single subframe, and thereby CSI-RS
allocation patterns are differently defined among neighbor-
ing cells. However, subframes allocated CSI-RSs may be
additionally made different for each neighboring cell.

For example, when the 2 and 7% subframes, which have
been allocated CSI-RSs, among 10 subframes have been
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transmitted by a particular cell group, the 3" and 8” sub-
frames are transmitted by another cell group. By making the
relative locations of the first and second subframes different
for each cell group in this manner, interference between
neighboring cells may be further reduced. However aspects
of the present invention are not limited thereto.

In an exemplary embodiment as illustrated in FIGS. 13 to
15, (the number of CSI-RS allocation REs for each antenna
portxthe number of antenna ports) is defined as (2x2) on a
symbol-by-symbol basis in a single subframe. In each of the
first and second subframes, (the number of CSI-RS alloca-
tion REs for each antenna portxthe number of antenna ports)
is defined as (2x4). Accordingly, (the number of CSI-RS
allocation REs for each antenna portxthe number of antenna
ports) is equal to (2x8) on a radio frame-by-radio frame
basis. Hence, a required CSI-RS allocation overhead is
satisfied.

Also, a communication system, such as a CoMP, enables
blanking or muting to be performed in an exemplary
embodiment of FIGS. 13 to 15, similar to described with
respect to FIGS. 10 to 12.

Namely, in a cooperative multi-antenna transmission/
reception system, such as a CoMP, in which a User Equip-
ment (UE) may receive a CSI-RS of a cell other than a
serving cell, the UE may perform blanking for leaving data
blank without transmitting the data or muting for transmit-
ting data with zero power with respect to REs through which
CSI-RSs are transmitted by a cell group other than a cell
group, to which the UE and the serving cell belong, among
a total of 3 cell groups.

Namely, in FIG. 13, the cell group A does not transmit
data or transmits data with zero power to REs located at (1,
k)=(9 or 10, 1 or 2), through which the cell groups B and C
transmit CSI-RSs, so that there may exist a perfect orthogo-
nality between cells in the 3 cell groups. Accordingly, it is
possible to decrease interference between neighboring cells.
This can be referred to as an orthogonal state for each cell.

Meanwhile, in a communication system such, as a non-
CoMP, in which a UE does not need to receive a CSI-RS of
a cell other than a serving cell, in order not to cause the
increase of CSI-RS allocation overhead, the UE considers
interference to some degree, which is caused by data, and
may transmit data to REs through which CSI-RSs are
transmitted by a cell group other than a cell group, to which
the UE and the serving cell belong, among a total of 3 cell
groups. This can be referred to as a quasi-orthogonal state
for each cell. However, even though there exists the quasi-
orthogonality between cells in the 3 cell groups, cell groups
corresponding to neighboring cells do not simultaneously
transmit CSI-RSs through the same time-frequency
resource. Therefore, it is possible to reduce performance
degradation caused by interference between the neighboring
cells.

In other words, an exemplary embodiment discloses
transmitting CSI-RS, wherein the transmitting CSI-RS
includes steps of generating CSI-RS sequence for N antenna
ports, mapping the generated CSI-RS sequence to predeter-
mined Resource Elements (REs); and transmitting a signal
including the mapped CSI-RS sequence. Herein, the map-
ping the generated CSI-RS sequence to the REs further
includes; grouping the N antenna ports into at least one
antenna port set, and allocating that each of the at least one
antenna port set includes a pair of two antenna ports, two
antenna ports in the same antenna port set are allocated to
identical REs of a time-frequency domain configured by
symbols and sub-carriers, in a sub-carrier having an offset
determined by a cell among 12 sub-carriers and consecutive
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two symbols within one sub-frame, the two antenna ports in
the same antenna port set are discriminated from each other
by Orthogonal Cover Codes (OCCs), and an interval
between antenna sets are spaced by 3 in a frequency domain.
And the mapping the generated CSI-RS sequence to the REs
further includes; allocating that the generated CSI-RS
sequence is allocated to REs from a sub-carrier having
different offset by determined according to the N antenna
ports, in 12 sub-carriers and two symbols and the consecu-
tive two symbols within the one sub-frame.

Also, an exemplary embodiment discloses receiving CSI-
RS, wherein the receiving CSI-RS includes steps of receiv-
ing a signal; extracting CSI-RS sequence for N antenna ports
in predetermined Resource Elements (REs) of a time-fre-
quency domain configured by symbols and sub-carriers, in
a sub-carrier having an offset determined by a cell among 12
sub-carriers and consecutive two symbols within one sub-
frame from the signal; acquiring channel state information
by the extracted CSI-RS sequence. Herein, the extracting
CSI-RS sequence further includes; determining at least one
antenna port set of the N antenna ports, and determining that
an interval between antenna port sets are spaced by 3 in a
frequency domain, each of the at least one antenna port set
includes a pair of two antenna ports, and two antenna ports
in the same antenna port set are discriminated from each
other by Orthogonal Cover Codes (OCCs) in identical REs
among the predetermined REs. And the extracting of the
CSI-RS sequence further includes; determining that the
generated CSI-RS sequence is allocated to REs from a
sub-carrier having different offset by determined according
to the N antenna ports, in 12 sub-carriers and two symbols
and the consecutive two symbols within the one sub-frame.

FIG. 16 is an illustrative view showing an exemplary
embodiment of a scheme for CSI-RS allocation in (FDM+
CDM). When a CSI-RS for each of a maximum of 8 antenna
ports is allocated to a time-frequency domain according to
aspects of the present invention as shown in FIG. 16, a
CSI-RS for each of the 4 antenna ports is individually
allocated to a single RE or subcarrier within a first symbol
(or symbol axis) in a first subframe or Resource Block (RB).
Therefore, each of the 4 REs is allocated a CSI-RS of one
of the 4 different antenna ports. Then, each of the CSI-RSs
according to the 4 antenna ports, which have been allocated
to the first symbol (or symbol axis), is equally allocated to
a single RE within a second symbol (or symbol axis) in the
same subframe. Consequently, a total of the 8 CSI-RS
allocation REs are arranged in the first subframe or RB.
Further, CSI-RSs according to the remaining 4 antenna ports
are distinguished from the CSI-RSs according to the previ-
ously-allocated 4 antenna ports by the Orthogonal Cover
Code (OCC) in the first subframe or RB. Then, each of the
distinguished CSI-RSs according to the remaining 4 antenna
ports can be duplicately allocated to 2 CSI-RS allocation
REs of the 8 CSI-RS allocation REs in the first subframe or
RB.

Namely, a CSI-RS for each of the 4 antenna ports is
allocated to one of the 4 REs corresponding to 4 subcarriers
among 12 subcarriers along the frequency axis within the
first symbol in a single RB. At this time, a distance between
the CSI-RSs allocated according to the 4 antenna ports may
be as long as 3 subcarriers. In the same scheme as described
above, a CSI-RS for each of the 4 equal antenna ports is
allocated to one of the 4 REs within the second symbol (or
symbol axis) in the same RB. In this case, a CSI-RS for each
of'a total of the 4 antenna ports is duplicately allocated to the
2 symbols in a single subframe. CSI-RSs according to the
remaining 4 antenna ports are distinguished from the CSI-
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RSs according to the previously-allocated 4 antenna ports by
different codes, such as the OCC, which have orthogonality,
in the same subframe. For example, the CSI-RS antenna
ports 1 and 2 are mapped to the same RE in the same
subframe, and the same RE, which is allocated the CSI-RSs
according to the CSI-RS antenna ports 1 and 2, is transmit-
ted. If the CSI-RSs according to the CSI-RS antenna ports
1 and 2 are allocated to the same RE, the CSI-RSs are
distinguished by the OCC. The scheme as described above
is similarly applied to the antenna ports 3 and 4, 5 and 6, and
7 and 8. The CSI-RSs are allocated to the 2 subframes
among a total of 10 subframes according to this scheme in
consideration of CSI-RS allocation overhead. However, if
the CSI-RS allocation overhead is changed, aspects of the
present invention are not limited thereto. However, accord-
ing to aspects of the present invention, a scheme for CSI-RS
allocation in a single subframe may be the same even when
the CSI-RS allocation overhead is changed.

Referring to FIG. 16, the above allocation scheme will be
described in detail as follows. CSI-RSs according to the
antenna ports 1 and 2 distinguished by the OCC are dupli-
cately allocated to 2 REs located at (1, k)=(9 and 10, 0) in the
first subframe. CSI-RSs according to the antenna ports 5 and
6 distinguished by the OCC are duplicately allocated to 2
REs located at (1, k)=(9 and 10, 3) which is as distant as 3
REs from the location (9 and 10, 0) in the direction of the
frequency axis.

Also, in order to satisfy the requirements of CSI-RS
allocation overhead, CSI-RSs may be allocated even to
another or second subframe in the scheme applied to the first
subframe.

At this time, there may be changes in numbers of antenna
ports of which CSI-RSs are duplicately allocated to the same
RE, the order of antenna port numbers in the direction of the
frequency axis, etc. However, this is not essential, and
aspects of the present invention are not limited thereto.

The CSI-RS mapping or allocation scheme according to
aspects of the present invention as described above can be
defined by equation (3) below. However, equation (3)
expresses a representative example for purposes of under-
standing of this embodiment, and may be differently
expressed while maintaining the basic scheme as described
above.

CSI-RS antenna ports=1, 3, 5, 7:

8:

3,5 OCC [+1, +1]
CSI-RS antenna ports=2, 4, 6,

OCC [+1, -1]
k=12-m+ (v + vgs)mod 12

[=9,10 ©)]

m=0,1,2,..., N3k —1

if CSI— RS antenna ports = 1, 2 and |n,/2] = 1
if CSI— RS antenna ports = 3,4 and |n,/2] =1
if CSI— RS antenna ports =5, 6 and |n,/2] = 1
if CSI— RS antenna ports =7, 8 and |n,/2] =1
if CSI— RS antenna ports = 1, 2 and |n,/2] =6
if CSI— RS antenna ports = 3,4 and |n,/2] =6
if CSI— RS antenna ports =5, 6 and |n,/2] =6

=
1}
(98] o < [=} o (98] [=} <

if CSI— RS antenna ports =7, 8 and |n,/2] =6

Vshift = N,CI";”mod 12
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Herein, k represents a subcarrier number of an RE allo-
cated a CSI-RS. 1 of an RE allocated a CSI-RS represents
symbol (or symbol axis) numbers 0 to 13. |n,/2| represents
subframe numbers 0 to 9.

Herein, |n/2]| represents a subframe number, and is
described as having a value of 1 or 6. However, aspects of
the present invention are not limited thereto. |n/2| may
indicate 2 optional subframes among 10 subframes included
in a single radio frame.

Also, equation (3) defines 1 of an RE allocated a CSI-RS
to have 9 or 10 as a symbol (or symbol axis) number.
However, aspects of the present invention are not limited
thereto. Two optional symbols (or symbol axes), which are
adjacent or not adjacent, may be used among a total of 14
symbols or symbol axes if a normal CP is used, and if an
extended CP is used, the number of symbols or symbol axes
may be 12 or 6.

Further, as described above, numbers of antenna ports of
which CSI-RSs are duplicately allocated to the same RE, the
order of antenna port numbers in the direction of the
frequency axis, etc. may be changed. Aspects of the present
invention are not limited to the example of FIG. 16. Namely,
in FIG. 16 and equation (3), the antenna ports, which are
allocated to the CSI-RS allocation REs in the first subframe,
are indicated by (1, 2), (5, 6), (3, 4) and (7, 8) in the order
of'lower subcarriers. However, aspects of the present inven-
tion are not limited thereto.

Here, the Orthogonal Cover Code (OCC) may be an
optional code system such as the 2-digit Walsh code system,
in which codes have mutual orthogonality. Namely, in FIG.
16, a CSI-RS of an antenna port forward indicated within
each RE, for example, is distinguished by an OCC 1, such
as [1, 1], and a CSI-RS of an antenna port backward
indicated within each RE, for example, is distinguished by
an OCC 2, such as [1, —1], which is orthogonal to the OCC
1.

As illustrated in FIG. 16, the 2 antenna ports duplicately
allocated to 2 REs may be neighboring antenna ports.
Namely, in FIG. 16, the 2 antenna ports, which are dupli-
cately allocated to (1, k)=(9 and 10, 0), are neighboring
antenna ports 1 and 2.

At this time, if a set of 2 antenna ports, which are
distinguished by the OCC and are duplicately allocated to 2
REs, referred to as an “antenna port set,” the order of
antenna port sets may be alternately allocated in the direc-
tion of the frequency axis. However, aspects of the present
invention are not limited thereto. For example, if an antenna
portset (1, 2) is allocated to 2 REs located at k=0 in F1G. 16,
2 REs located at k=3, which is next to k=0, are allocated not
a neighboring antenna set (3, 4) but an antenna port set (5,
6) which is next to the antenna set (3, 4). Then, the antenna
port set (3, 4) is allocated to 2 REs located at k=6.

The CSI-RS allocation REs for the neighboring antenna
port sets may be alternately arranged one-by-one in the
scheme as described above, and thereby interference
between the neighboring antenna port sets can be reduced.
However, aspects of the present invention are not limited
thereto.

Also, in FIG. 16, there may be a difference between the
first subframe (shown on the left) and the second subframe
(shown on the right) in the order of antenna port sets in the
direction of the frequency axis. However, aspects of the
present invention are not limited thereto. For example, if the
antenna port set (1, 2) is allocated to the 2 REs located at k=0
in the first subframe as illustrated in FIG. 16, the antenna
port set (1, 2) may be allocated to 2 REs located not at k=0
but at k=6 in the second subframe.
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The scheme as described above can decrease the inter-
ference between the antenna ports. However aspects of the
present invention are not limited thereto.

The first and second subframes may be optional in deter-
mining the locations thereof but may have an appropriate
distance there between in a single radio frame. For example,
when numbers of subframes included in the radio frame are
defined to be 0 to 9 and the first subframe is located at the
subframe number 1, the second subframe is arranged at 6
among the subframe numbers. However, aspects of the
present invention are not limited thereto, and the first and
second subframes may be just adjacent.

Namely, CSI-RSs are allocated to 2 subframes among a
total of 10 subframes in consideration of CSI-RS allocation
overhead. The 2 subframes may be continuous or may have
a specific period. Namely, the 2 subframes having similar
configurations are transmitted in the scheme of FIG. 16.
Therefore, the 2 subframes may be transmitted at intervals
of' 5 ms, which is obtained by dividing a total of 10 ms by
2.

Alternate CSI-RS allocation between cells (or cell groups)
will be described referring to FIGS. 14 and 15 based on FIG.
13.

A scheme for alternate CSI-RS allocation between cells
(or cell groups) can also be adopted in an exemplary
embodiment of FIG. 16 similar to as in FIGS. 10 to 12.

Namely, according to equation (3), a scheme for CSI-RS
allocation for each antenna port may be similar to as
illustrated in FIG. 16, and a CSI-RS for each antenna port
may be allocated in such a scheme as to have offsets or
frequency shifts according to cells (or cell groups), even
though such scheme is not shown in FIG. 16.

In other words, if at least one resource block is included,
each antenna port allocates a CSI-RS to each 12 subcarrier
and transmits each 12% subcarrier allocated the CSI-RS in
view of the entire frequency axis. Referring to FIG. 16, the
CSI-RS antenna port 1, for example, is mapped to each
(k=12:m)* (m=0, 1, 2, . . ., Nz77-1) subcarrier within the
10™ and 11? symbols (having symbol numbers 9 and 10) in
a particular subframe. Herein, N ;" is a value obtained by
representing a downlink bandwidth on a RB-by-RB basis.
Herein, a total 12 of 0 to 11 offsets or frequency shifts
according to cell groups may be expressed by k=12:m+v,,,
(m=0, 1, 2, . . ., Nyz~%-1). At this time, there may be
different values of v, according to the cells. For example,
Vuin My be expressed by Vshiﬁ:N,Dce” mod12 according to
Physical Cell Identities (PCIs), which are cell 1Ds.

If the 12 offsets or frequency shifts are also applied to
each of other antenna ports according to PCIs in the above
scheme, a distance between CSI-RSs allocated for each of
antenna ports may be as long as 3 subcarriers. Therefore, a
total of 3 cell groups (a cell group A: N7 mod3=0, a cell
group B: N,,°“ mod3=1, and a cell group C: N,/
mod3=2) have perfectly-distinguished CSI-RS allocation
patterns with respect to time-frequency resources, respec-
tively.

Namely, if the antenna port set (1, 2) is taken as an
example, the CSI-RS allocation patterns signify a scheme in
which the antenna port set (1, 2) is allocated to (1, k)=(9 and
10, 0) (shown on the left in FIG. 16 and N, mod3=0) in
the first subframe and to (1, k)=(9 and 10, 6) (shown on the
right in FIG. 16 and N,,,°*” mod3=0) in the second subframe
in the cell group A, but the antenna port set (1, 2) is allocated
to (1, K)=(9 and 10, 1) (N,,°*” mod3=1) in the first subframe
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and to (1, K)=(9 and 10, 7) (N,,°*” mod3=1) in the second
subframe in the cell group B (not shown), and the antenna
port set (1, 2) is allocated to (1, k)=(9 and 10, 2) (N,,°*”
mod3=2) in the first subframe and to (1, k)=(9 and 10, 8)
(N, mod3=2) in the second subframe in the cell group C
(not shown).

Also, the locations of the first and second subframes may
be differently arranged for each cell group.

In other words, according to aspects of the present inven-
tion, offsets or frequency shifts according to cell groups are
applied to a location of CSI-RS allocation in the direction of
the frequency axis for each antenna port in a single sub-
frame, and thereby CSI-RS allocation patterns are differ-
ently defined among neighboring cells. However, further,
subframes allocated CSI-RSs may be made different for
each neighboring cell.

For example, when the 2 and 7% subframes, which have
been allocated CSI-RSs, among 10 subframes have been
transmitted by a particular cell group, the 3" and 8” sub-
frames are transmitted by another cell group. By making the
relative locations of the first and second subframes different
for each cell group in this manner, interference between
neighboring cells may be further reduced. However, aspects
of the present invention are not limited thereto.

Also, a communication system, such as a CoMP, enables
blanking or muting to be performed in an exemplary
embodiment of FIG. 16, as described above with respect to
FIGS. 10 to 12.

In order to avoid overlapping of description, a brief
description will be made as follows. In a cooperative multi-
antenna transmission/reception system, such as a CoMP, in
which a UE may receive a CSI-RS of a cell other than a
serving cell, the UE may perform blanking for leaving data
blank without transmitting the data or muting for transmit-
ting data with zero power with respect to REs through which
CSI-RSs are transmitted by a cell group other than a cell
group, to which the UE and the serving cell belong, among
a total of 3 cell groups.

FIG. 17 is an illustrative view showing a scheme for
CSI-RS allocation in (FDM+CDM) according to an exem-
plary embodiment.

When a CSI-RS for each of a maximum of 8 antenna ports
is allocated to a time-frequency domain in an exemplary
embodiment of FIG. 17, a CSI-RS for each of the 2 antenna
ports is allocated to 2 REs or subcarriers within a first
symbol (or symbol axis) in a first subframe or Resource
Block (RB). Then, each of the CSI-RSs according to the 2
antenna ports, which have been allocated to the first symbol
(or symbol axis), is equally allocated to 2 REs within a
second symbol (or symbol axis) in the same subframe.
Consequently, a total of the 8 CSI-RS allocation REs are
arranged in the first subframe or RB. Further, CSI-RSs
according to 2 antenna ports among the remaining 6 antenna
ports excluding the previously-allocated 2 antenna ports, are
distinguished from the CSI-RSs according to the previously-
allocated 2 antenna ports by the OCC in the first subframe
or RB. Then, each of the distinguished CSI-RSs according
to the 2 antenna ports can be duplicately allocated to 4
CSI-RS allocation REs of the 8 CSI-RS allocation REs in the
first subframe or RB. A CSI-RS for each of the remaining 4
antenna ports, which are not allocated to the first subframe,
can be allocated to a second subframe in the allocation
scheme applied to the first subframe.
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Namely, a CSI-RS for each of the 2 antenna ports is
allocated to 2 REs of the 4 REs corresponding to 4 subcar-
riers among 12 subcarriers along the frequency axis within
the first symbol in a single RB. At this time, a distance
between the CSI-RSs allocated according to the 2 antenna
ports may be as long as 3 subcarriers. In the same scheme
as described above, a CSI-RS for each of the 2 equal antenna
ports is allocated to one of the 2 REs within the second
symbol (or symbol axis) in the same RB. In this case, a
CSI-RS for each of a total of the 2 antenna ports is allocated
to the 2 symbols in a single subframe. CSI-RSs according to
the 2 antenna ports excluding the previously-allocated 2
antenna ports are distinguished from the CSI-RSs according
to the previously-allocated 2 antenna ports by different
codes, such as the OCC, which have orthogonality, in the
same subframe. For example, the CSI-RS antenna ports 1
and 2 are mapped to the same RE in the same subframe, and
the same RE, which is allocated the CSI-RSs according to
the CSI-RS antenna ports 1 and 2, is transmitted. If the
CSI-RSs according to the CSI-RS antenna ports 1 and 2 are
allocated to the same RE, they are distinguished by the OCC.
The scheme as described above is similarly applied to the
antenna ports 3 and 4. Also, a CSI-RS for each of the
remaining 4 antenna ports (e.g., the CSI-RS antenna ports 5,
6, 7 and 8) is allocated to 2 symbols in another subframe in
the scheme as described above. Therefore, the CSI-RSs are
allocated to the 2 subframes among a total of 10 subframes.

Referring to FIG. 17, the above allocation scheme will be
described in detail as follows. CSI-RSs according to the
antenna ports 1 and 2 distinguished by the OCC are dupli-
cately allocated to 2 REs located at (1, k)=(9 and 10, 0) in the
first subframe. CSI-RSs according to the antenna ports 3 and
4 distinguished by the OCC are duplicately allocated to 2
REs located at (1, k)=(9 and 10, 3) which is as distant as 3
REs from the location (9 and 10, 0) in the direction of the
frequency axis. CSI-RSs according to the antenna ports 1
and 2 distinguished by the OCC are duplicately allocated to
2 REs located at (1, k)=(9 and 10, 6) which is as distant as
3 REs from the location (9 and 10, 3) in the direction of the
frequency axis.

Consequently, a total of 4 REs are allocated CSI-RSs for
each of 2 antenna port sets, each of which includes 2 antenna
ports among the antenna ports 1 to 4, in the first subframe.
Therefore, the above allocation scheme satisfies the require-
ments of CSI-RS allocation overhead such that a CSI-RS for
each antenna port may be allocated to 2 REs in a radio
frame.

Further, a CSI-RS for each of the remaining 4 antenna
ports 5 to 8 may be allocated to another second subframe in
the allocation scheme applied to the first subframe.

At this time, there may be changes in numbers of antenna
ports of which CSI-RSs are duplicately allocated to the same
RE (i.e., grouping of antenna port sets), the order of antenna
port numbers in the direction of the frequency axis, etc. In
this regard, aspects of the present invention are not limited
to the example of FIG. 17.

The CSI-RS mapping or allocation scheme according to
aspects of the present invention as described above can be
defined by equation (4) below. However, equation (4)
expresses a representative example for purposes of under-
standing of this embodiment, and may be differently
expressed while maintaining the basic scheme as described
above.

CSI-RS antenna ports=1, 3, 5, 7: OCC [+1, +1]

CSI-RS antenna ports=2, 4, 6, 8: OCC [+1, -1]

Subframe A: transmission through CSI-RS antenna
ports=1, 2, 3, 4
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Subframe B: transmission through CSI-RS antenna
ports=5, 6, 7, 8

k=6-m+(v+vgpmod 12
[=9,10

m=0,1,2,...,2-NBk -1 )
0 if CSI— RS antenna ports=1,2,7, 8
13 if CSI - RS antenna ports=3,4,5,6

Ve = Nigltmod 6

Herein, k represents a subcarrier number of an RE allo-
cated a CSI-RS. 1 of an RE allocated a CSI-RS represents
symbol (or symbol axis) numbers O to 13.

Also, equation (4) defines 1 of an RE allocated a CSI-RS
to have 9 or 10 as a symbol (or symbol axis) number.
However, aspects of the present invention are not limited
thereto. Two optional symbols (or symbol axes), which are
adjacent or not adjacent, may be used among a total of 14
symbols or symbol axes if a normal CP is used, and if an
extended CP is used, the number of symbols or symbol axes
may be 12 or 6.

Further, as described above, there may be changes in
numbers of antenna ports of which CSI-RSs are duplicately
allocated to the same RE, the order of antenna port numbers
in the direction of the frequency axis, etc. Aspects of the
present invention are not limited to the example of FIG. 17.
Namely, in FIG. 17 and equation (4), the antenna ports,
which are allocated to the CSI-RS allocation REs in the first
subframe, are indicated by (1, 2), (3, 4), (1, 2) and (3, 4) in
the order of lower subcarriers. However, aspects of the
present invention are not limited thereto. Also, in FIGS. 13
to 15, the antenna ports 1 to 4 are allocated to the first
subframe, and the antenna ports 5 to 8 are allocated to the
second subframe. However, aspects of the present invention
are not limited thereto.

Here, the Orthogonal Cover Code (OCC) may be an
optional code system, such as the 2-digit Walsh code system,
in which codes have mutual orthogonality. Namely, in FIG.
17, a CSI-RS of an antenna port forward indicated within
each RE, for example, is distinguished by an OCC 1, such
as [1, 1], and a CSI-RS of an antenna port backward
indicated within each RE, for example, is distinguished by
an OCC 2, such as [1, —1], which is orthogonal to the OCC
1.

As illustrated in FIG. 17, the 2 antenna ports duplicately
allocated to 4 REs may be neighboring antenna ports.
Namely, in FIG. 17, the 2 antenna ports, which are dupli-
cately allocated to (1, k)=(9 and 10, 0), neighboring antenna
ports 1 and 2.

The first and second subframes may be optional in deter-
mining the locations thereof but may have an appropriate
distance therebetween in a single radio frame. For example,
if numbers of subframes included in the radio frame are
defined to be 0 to 9 and the first subframe is located at the
subframe number 1, the second subframe is arranged at the
subframe number 6 among the subframe numbers. However,
aspects of the present invention are not limited thereto, and
the first and second subframes may be adjacent or arranged
differently.

Namely, CSI-RSs are allocated to 2 subframes among a
total of 10 subframes in consideration of CSI-RS allocation
overhead. The 2 subframes may be continuous or may have
a specific period. Namely, the 2 subframes having similar
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configurations are transmitted in the scheme of FIG. 17.
Therefore, the 2 subframes may be transmitted at intervals
of' 5 ms, which is obtained by dividing a total of 10 ms by
2.

A scheme for alternate CSI-RS allocation between cells
(or cell groups) can also be adopted in an exemplary
embodiment of FIG. 17 similar to as illustrated in FIGS. 10
to 12.

Namely, according to equation (4), a scheme for CSI-RS
allocation for each antenna port may be similar to as
illustrated in FIG. 17, and a CSI-RS for each antenna port is
allocated in such a scheme as to have offsets or frequency
shifts according to cells (or cell groups), even though the
scheme is not shown in FIG. 17.

In other words, if at least one resource block is included,
each antenna port allocates a CSI-RS to each 6” subcarrier
and transmits each 6” subcarrier allocated the CSI-RS in
view of the entire frequency axis. Referring to FIGS. 17, the
CSI-RS antenna port 1, for example, is mapped to each
(k=6-m)” (m=0, 1,2, . .., 2:N;~*~1) subcarrier within the
10™ and 11 symbols (having symbol numbers 1=9 and 10)
in a particular subframe. Herein, a total 6 of 0 to 5 offsets or
frequency shifts according to cell groups may be expressed
by k=6-m+v,, m=0, 1,2 ... 2:N,z-F-1). At this time,
there are different values of v, according to the cells. For
example, v, may be expressed by Vshiﬁ:N,D“” mod 6
according to Physical Cell Identities (PCls), which are cell
1Ds.

If'the 6 offsets or frequency shifts are also applied to each
of other antenna ports according to PCIs in the above
scheme, a distance between CSI-RSs allocated for each of
antenna ports may be as long as 3 subcarriers. Therefore a
total of 3 cell groups (a cell group A: N,,°” mod3=0, a cell
group B: N,,°“ mod3=1, and a cell group C: N,/
mod3=2) have perfectly-distinguished CSI-RS allocation
patterns with respect to time-frequency resources, respec-
tively.

Namely, if the antenna port set (1, 2) is taken as an
example, the CSI-RS allocation patterns signify a scheme in
which the antenna port set (1, 2) is allocated to (1, k)=(9 and
10, 0 and 6) (shown on the left in FIG. 17 and N,,°*”
mod3=0) in the first subframe in the cell group A, but the
antenna port set (1, 2) is allocated to (1, k)=(9 and 10, 1 and
7) (N, mod3=1) in the first subframe in the cell group B
(not shown), and is allocated to (1, k)=(9 and 10, 2 and 8)
(N5 mod3=2) in the first subframe in the cell group C
(not shown).

Also, the locations of the first and second subframes may
be differently arranged for each cell group.

In other words, in the embodiment as described above,
offsets or frequency shifts according to cell groups may be
applied to a location of CSI-RS allocation in the direction of
the frequency axis for each antenna port in a single sub-
frame, and thereby CSI-RS allocation patterns may be
differently defined among neighboring cells. However, fur-
ther, subframes allocated CSI-RSs may be made different for
each neighboring cell.

For example, if the 2”4 and 7% subframes, which have
been allocated CSI-RSs, among 10 subframes have been
transmitted by a particular cell group, the 3" and 8” sub-
frames are transmitted by another cell group. By making the
relative locations of the first and second subframes different
for each cell group in this manner, interference between
neighboring cells may be further reduced. However, aspects
of the present invention are not limited thereto.
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Also, a communication system, such as a CoMP, enables
blanking or muting to be performed in an exemplary
embodiment of FIG. 17, similar to described with respect to
FIGS. 10 to 12.

In order to avoid overlapping of description, a brief
description will be made as follows. In a cooperative multi-
antenna transmission/reception system, such as a CoMP, in
which a UE may receive a CSI-RS of a cell other than a
serving cell, the UE may perform blanking for leaving data
blank without transmitting the data or muting for transmit-
ting data with zero power with respect to REs through which
CSI-RSs are transmitted by a cell group other than a cell
group, to which the UE and the serving cell belong, among
a total of 3 cell groups.

FIG. 18 is a block diagram illustrating the configuration
of a receiver to receive a CSI-RS transmitted by a scheme
for CSI-RS allocation and transmission according an exem-
plary embodiment. Referring to FIG. 18, in a wireless
communication system, a reception apparatus 1800 of a UE
includes a reception processing unit 1810, a resource ele-
ment demapper 1820, a CSI-RS extraction unit 1840, and a
channel state measurement unit 1830, and may further
include a decoding unit (not shown), a control unit, etc. (not
shown). In this case, the reception apparatus 1800 may be
the UE 10 as illustrated in FIG. 1.

The reception processing unit 1810 receives a signal
through each antenna port of the reception apparatus 1800.
The resource element demapper 1820 demaps information
allocated to each Resource Element (RE) from the received
signal. The demapped information may include control
information, and CSI-RSs and reference signals of various
kinds according to multi-antenna ports other than data
information.

The CSI-RS extraction unit 1840 may be included in the
resource element demapper 1820 or may operate in connec-
tion with the resource element demapper 1820. When
demapping information allocated to each RE, the resource
element demapper 1820 demaps and extracts information
related to the CSI-RSs. The CSI-RS extraction unit 1840
extracts CSI-RS information for each antenna port in reverse
order of the scheme for the CSI-RS allocation in one of the
schemes as shown in FIGS. 8 to 17. The channel state
measurement unit 1830 measures, based on the extracted
CSI-RS information, how the CSI-RS information is
changed while the extracted CSI-RS information goes
through a channel, and obtains Channel Spatial Information
(CSI) corresponding to channel state information for each
antenna port in a multi-antenna system including multiple
antennas.

In other words, the CSI-RS extraction unit further
includes that; the CSI-RS extraction unit extracts that, for
the maximum N antenna ports (N being an integer larger
than or equal to 1) for transmission of the CSI-RS, the
CSI-RS sequence is mapped to REs corresponding to one
sub-carrier at every 12 sub-carriers for each antenna port
with respect to two Orthogonal Frequency Division Multi-
plexing (OFDM) symbols within a sub-frame by which the
CSI-RS is transmitted, for [N/2] antenna port sets, each of
which includes either both an M” (M=N, and M being an
odd number) antenna port and an (M+1)” antenna port or
only the M” antenna port if the (M+1)” antenna port does
not exist and is used as an antenna port set for transmission
of'the CSI-RS, a CSI-RS of antenna ports within each of the
antenna port sets is allocated to REs having the same
time-frequency resource and are discriminated from each
other by orthogonal codes, and the CSI-RS allocated for two
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adjacent antenna port sets within a resource block are spaced
apart from each other with an interval of 3 REs in the
frequency axis.

The reception apparatus 1800 makes a pair with or
connects to the wireless communication system or the
transmission apparatus 800 as described above with refer-
ence to FIG. 8, and receives a signal transmitted by the
transmission apparatus 800. Therefore, the reception appa-
ratus 1800 includes elements for signal processing in the
reverse process of signal processing of the transmission
apparatus 800. Therefore, the reception apparatus 1800 may
include elements for signal processing in the reverse process
of signal processing of the transmission apparatus 800.

FIG. 19 is a flowchart showing the flow of a CSI-RS
transmission method according to an exemplary embodi-
ment. A CSI-RS transmission method according to aspects
of the present invention includes generating a CSI-RS or
sequence for each antenna port in operation S1910, allocat-
ing a CSI-RS for each antenna port to 4 REs or subcarrier on
a basis of a single symbol (or symbol axis) in a single
subframe, and allocating the CSI-RS for each antenna port
in such a manner that a distance between neighboring
CSI-RS allocation REs or subcarriers may be as long as 3
REs or subcarriers in operation S1920, and transmitting
CSI-RSs, which have been allocated to a time-frequency
resource domain, to the reception apparatus in operation
$1930.

In operation S1920, a CSI-RS for a particular antenna port
can be allocated in such a manner as to have frequency shifts
in the direction of the frequency axis according to cells (or
cell groups). Further, in operation S1920, the CSI-RSs are
allocated to 2 symbols (or symbol axes) in a single subframe
or RB. At this time, a CSI-RS for each of a total of 8 antenna
ports is individually allocated to a single RE in a first
subframe or RB. CSI-RSs according to antenna ports
excluding the previously-allocated antenna ports are distin-
guished from CSI-RSs according to the previously-allocated
antenna ports by using the Orthogonal Cover Code (OCC),
and each of the distinguished CSI-RSs according to the
antenna ports is duplicately allocated to 2 REs in a first
subframe or RB. The scheme as described above, which has
been applied to the first subframe or RB, can be similarly
applied to another or second subframe or RB to which a
CSI-RS for each of a total of the 8 antenna ports to be
allocated.

Also, in operation S1920, the CSI-RSs are allocated to 2
symbols (or symbol axes) in a single subframe or RB. At this
time, a CSI-RS for each of a total of 4 antenna ports is
individually allocated to 2 REs in a first subframe or RB.
CSI-RSs according to antenna ports excluding the previ-
ously-allocated antenna ports are distinguished from CSI-
RSs according to the previously-allocated antenna ports by
using the Orthogonal Cover Code (OCC), and each of the
distinguished CSI-RSs according to the antenna ports is
duplicately allocated to 4 REs in a first subframe or RB. The
scheme as described above, which has been applied to the
first subframe or RB, is similarly applied to another or
second subframe or RB to which a CSI-RS for each of the
remaining 4 antenna ports excluding the 4 antenna ports
allocated to the first subframe or RB is to be allocated.

A CSI-RS allocation method and a CSI-RS transmission
method according to exemplary embodiments other than the
exemplary embodiments as described above may use one of
or all of the schemes as shown in FIGS. 8 to 17. In order to
avoid overlapping of description, a detailed description will
be omitted.
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According to aspects of the present invention, CSI-RSs
are allocated to a time-frequency domain in such a manner
as to have perfect orthogonality (in a CoMP) or quasi-
orthogonality (in a non-CoMP) according to cells (or cell
groups) in the range of following CSI-RS transmission
overhead. As a result, performance degradation caused by
interference between neighboring cells can be reduced.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

The invention claimed is:

1. A communication method comprising:

receiving, at a user equipment (UE), at least a part of a

first subframe from an eNB, wherein the first subframe
consists of resource elements arranged in frequency
and time domain;
receiving, at the UE, at least a part of a second subframe
from the eNB, wherein the second subframe consists of
resource elements arranged in frequency and time
domain and the part of the first subframe and the part
of the second subframe are received simultaneously;

obtaining, at the UE, a first Cell State Information Ref-
erence Signal (CSI-RS) from a first resource element of
the first subframe;

obtaining, at the UE, a second CSI-RS from a second

resource element of the first subframe, wherein the first
resource element and the second resource element are
adjacent to each other;

obtaining, at the UE, a third CSI-RS from a third resource

element of the second subframe;

obtaining, at the UE, a fourth CSI-RS from a fourth

resource element of the second subframe;

measuring, at the UE, channel state at least based on one

of the first CSI-RS, the second CSI-RS, the third
CSI-RS and the fourth CSI-RS; and

transmitting, at the UE, the measured channel state to the

eNB,

wherein a location of the first resource element in the first

subframe in frequency and time domain is same as a
location of the third resource element in the second
subframe in frequency and time domain; and

a location of the second resource element in the first

subframe in frequency and time domain is same as a
location of the fourth resource element in the second
subframe in frequency and time domain.

2. The method of claim 1, wherein the first CSI-RS and
the second CSI-RS are multiplied with a first orthogonal
code and the third CSI-RS and the fourth CSI-RS are
multiplied with a second orthogonal code.

3. The method of claim 2, further comprising:

receiving, at the UE, at least a part of a third subframe

from the eNB, wherein the third subframe consists of
resource elements arranged in frequency and time
domain;

receiving, at the UE, at least a part of a fourth subframe

from the eNB, wherein the fourth subframe consists of
resource elements arranged in frequency and time
domain and the part of the first subframe, the part of the
second subframe, the part of the third subframe and the
part of the fourth subframe are received simultane-
ously;

obtaining, at the UE, a fifth CSI-RS from a fifth resource

element of the third subframe;
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obtaining, at the UE, a sixth CSI-RS from a sixth resource
element of the third subframe, wherein the fifth
resource element and the sixth resource element are
adjacent to each other;

obtaining, at the UE, a seventh CSI-RS from a seventh

resource element of the fourth subframe; and
obtaining, at the UE, an eighth CSI-RS from an eighth
resource element of the fourth subframe,

wherein a location of the fifth resource element in the

third subframe in frequency and time domain is same as
a location of the seventh resource element in the fourth
subframe in frequency and time domain; and

a location of the sixth resource element in the third

subframe in frequency and time domain is same as a
location of the eighth resource element in the fourth
subframe in frequency and time domain.

4. The method of claim 3, wherein the fifth CSI-RS and
the sixth CSI-RS are multiplied with the first orthogonal
code and the seventh CSI-RS and the eighth CSI-RS are
multiplied with the second orthogonal code.

5. A communication apparatus comprising:

a memory; and

a processor,

wherein the processor, when executing program instruc-

tions stored in the memory, is configured to:

cause the apparatus to receive at least a part of a first

subframe from an eNB, wherein the first subframe
consists of resource elements arranged in frequency
and time domain;

cause the apparatus to receive at least a part of a second

subframe from the eNB, wherein the second subframe
consists of resource elements arranged in frequency
and time domain and the part of the first subframe and
the part of the second subframe are received simulta-
neously;

obtain a first Cell State Information Reference Signal

(CSI-RS) from a first resource element of the first
subframe;

obtain a second CSI-RS from a second resource element

of the first subframe, wherein the first resource element
and the second resource element are adjacent to each
other;

obtain a third CSI-RS from a third resource element of the

second subframe;

obtain a fourth CSI-RS from a fourth resource element of

the second subframe;

measure channel state at least based on one of the first

CSI-RS, the second CSI-RS, the third CSI-RS and the
fourth CSI-RS; and

cause the apparatus to transmit the measured channel state

to the eNB,

wherein a location of the first resource element in the first

subframe in frequency and time domain is same as a
location of the third resource element in the second
subframe in frequency and time domain; and

a location of the second resource element in the first

subframe in frequency and time domain is same as a
location of the fourth resource element in the second
subframe in frequency and time domain.

6. The apparatus of claim 5, wherein the first CSI-RS and
the second CSI-RS are multiplied with a first orthogonal
code and the third CSI-RS and the fourth CSI-RS are
multiplied with a second orthogonal code.

7. The apparatus of claim 6, wherein the processor is
further configured to:
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cause the apparatus to receive at least a part of a third
subframe from the eNB, wherein the third subframe
consists of resource elements arranged in frequency
and time domain;

cause the apparatus to receive at least a part of a fourth
subframe from the eNB, wherein the fourth subframe
consists of resource elements arranged in frequency
and time domain and the part of the first subframe, the
part of the second subframe, the part of the third
subframe and the part of the fourth subframe are
received simultaneously;

obtain a fifth CSI-RS from a fifth resource element of the
third subframe;

obtain a sixth CSI-RS from a sixth resource element of the
third subframe, wherein the fifth resource element and
the sixth resource element are adjacent to each other;

obtain a seventh CSI-RS from a seventh resource element
of the fourth subframe; and

obtain an eighth CSI-RS from an eighth resource element
of the fourth subframe,

wherein a location of the fifth resource element in the
third subframe in frequency and time domain is same as
a location of the seventh resource element in the fourth
subframe in frequency and time domain; and

a location of the sixth resource element in the third
subframe in frequency and time domain is same as a
location of the eighth resource element in the fourth
subframe in frequency and time domain.

8. The apparatus of claim 7, wherein the fifth CSI-RS and

30 the sixth CSI-RS are multiplied with the first orthogonal
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code and the seventh CSI-RS and the eighth CSI-RS are
multiplied with the second orthogonal code.

9. A device for a user equipment (UE), comprising:

a memory; and

a processof,

wherein the processor, when executing program instruc-
tions stored in the memory, is configured to:

cause the UE to receive at least a part of a first subframe
from an eNB, wherein the first subframe consists of
resource elements arranged in frequency and time
domain;

cause the UE to receive at least a part of a second
subframe from the eNB, wherein the second subframe
consists of resource elements arranged in frequency
and time domain and the part of the first subframe and
the part of the second subframe are received simulta-
neously;

obtain a first Cell State Information Reference Signal
(CSI-RS) from a first resource element of the first
subframe;

obtain a second CSI-RS from a second resource element
of the first subframe, wherein the first resource element
and the second resource element are adjacent to each
other;

obtain a third CSI-RS from a third resource element of the
second subframe;

obtain a fourth CSI-RS from a fourth resource element of
the second subframe;

measure channel state at least based on one of the first
CSI-RS, the second CSI-RS, the third CSI-RS and the
fourth CSI-RS; and

cause the UE to transmit the measured channel state to the
eNB,

wherein a location of the first resource element in the first
subframe in frequency and time domain is same as a
location of the third resource element in the second
subframe in frequency and time domain; and
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a location of the second resource element in the first
subframe in frequency and time domain is same as a
location of the fourth resource element in the second
subframe in frequency and time domain.

10. The device of claim 9, wherein the first CSI-RS and
the second CSI-RS are multiplied with a first orthogonal
code and the third CSI-RS and the fourth CSI-RS are
multiplied with a second orthogonal code.

11. The device of claim 10, wherein the processor is
further configured to:

cause the UE to receive at least a part of a third subframe
from the eNB, wherein the third subframe consists of
resource elements arranged in frequency and time
domain;

cause the UE to receive at least a part of a fourth subframe
from the eNB, wherein the fourth subframe consists of
resource elements arranged in frequency and time
domain and the part of the first subframe, the part of the
second subframe, the part of the third subframe and the
part of the fourth subframe are received simultane-
ously;
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obtain a fifth CSI-RS from a fifth resource element of the

third subframe;
obtain a sixth CSI-RS from a sixth resource element of the
third subframe, wherein the fifth resource element and
the sixth resource element are adjacent to each other;

obtain a seventh CSI-RS from a seventh resource element
of the fourth subframe; and

obtain an eighth CSI-RS from an eighth resource element

of the fourth subframe,

wherein a location of the fifth resource element in the

third subframe in frequency and time domain is same as
a location of the seventh resource element in the fourth
subframe in frequency and time domain; and

a location of the sixth resource element in the third

subframe in frequency and time domain is same as a
location of the eighth resource element in the fourth
subframe in frequency and time domain.

12. The device of claim 11, wherein the fifth CSI-RS and
the sixth CSI-RS are multiplied with the first orthogonal
code and the seventh CSI-RS and the eighth CSI-RS are
multiplied with the second orthogonal code.
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